ABSTRACT

Title of DissertaltNWBmSTI GATI ON OF PROGERI N E
I N NOWUTCHI NGSIOINFORD PROGERI A
SYNDROME | NDI VI DUAL S

Reynold Yu, Doctor of Phil o

Di ssertation direbt edKayg: Catoe vaen dMobDurn t
Department of Cel/l Bi ol ogy
Genetics

University of Maryl and

Hut ch-Gnkbard Progerin Syndrome (HGPS) is

by a point LUrMiNdaetnieo,n whni cthlyg eeen cloadneisn sSA. Thi s mut

a cryptic splice donor in exon 11 and | eads
progerin. Il nterestingly, smal.l amounts of pr
nor maldi vi dual s. Here we examine the expressi
seq data from normal i ndi va duGalasv aifl althlee GTIEsS
expression in normal-expaodiseiddus&li  isampil @glsestar
di fferent ti ssues of t he same donor i S co

significantly corpred sagiean .wi-Wrhd epsrocomreprtd dnae¢e xo n

suggest that the | evel of progerin expressio



expressi

expressi

|l evel

of

mi t ochon

or negati

trinucl e

correl

at

expressi

i mght

n patterns, perhaps reflecting wide
n analyses show that progerin expre
transcripts fromaqanes siimgwmalfv ed nitn

rial transcripts. Interestingly, 56
vely) with progerin expression hayv

tidéed wpthte sheecoFerther more, i nt
d with progerin have reduced GC con

n in nor mal individuals is part of

into the mechanism behind these change



NVESTI GATI ON OEXPROSEIROMHUN CNONGIOINF ORD
PROGERI A SYNDROME | NDI VI DUAL S

REYNOLD YU

Di ssertation submitted to the Faculty
University of Maryl and, Coll ege Par k,
ot he requirements for the degree
Doctor of Philosophy
2023

Advisory Committee:

Dr .

Dr

Dr .
Dr .
Dr .
Dr .

Kan Cao, Chair
.pledMwunt, Chair
Antony Jose
Adam Phillippy
Mi hai Pop

Mar garet Scull

(



© Copyright by
Reynol d Yu
202 3



Dedi cati on

Idedi cate my work and degree to my family f



Acknowl edgment s

Puuisng a Ph. D. was a very challenging enc
hardships in my way. However, | was bl essed

made the éxamerisemce aamd memorabl e one.

First, I would Iike to hémeenvweenrhyngdadebce
support. The journey of Ph.D. is not only ab

how you grow as ahaéapuutans db emmuncgh thirme Camd ef f o

be a better scientist, and also taught me ab
in my way. She also trained me well to be a
from hlerwowlndd | i ke Ites sexgpraead ¢ umdye d@mdvar ds Dr .

Il would Iike to thamektDringtenee wModhhntDrif oc
ent husi asm, | ove aruehrd wrail cesdertby Haacsy wari lech.c eHe
the qualities needed to be a great scientis

everything DOr.geMouanst rpeussuhletdgoe o ebyg abametei
fl awless. abk posglsdblieke to express my gratitu

a bioinformatician.

I would I|Iike to thank my committee membe

Dr . Mi hai Pop, afdtrdki. nMatrlgear et m&cahd ef f or

provide insights from multiple angles to bol
were many times that | would be stuck on wha
i de a, | aranwaveil gi onee d . My committee members ga\

angl esdnéadr It thaught aboutmyb erfeosreea.r cThh enyo vhea vfeo



be

of

o

Ha

0]

al

a

be

(0]

my

t

(0]

h

eat advice and,amadndt rmoaitl idv d i krei ttioc itshman k t |

terest into my project.

I would |ike to show my appreciation to

i ng with amaloas$ ebgilheammks yo-Mei DKi oZpprenfor t e

ioinformatician how to perform experiment al

my fitrbkdlaoyéamb.ih would | i keDrYantdrrak Gats:
r creating a |l ot of funfomamongesnieltbhet be
i scussions. IDnXo @logl i IDigH wapio Xa dan&ahar Vakil
rvDeryj nlin Sun, Emma Gentry and EIlizabeth
|l l aborators throughout my Ph.D. study.

Il would |i ke to thank my family members f
ed. I want to show my appreciation to my
spirateandl gisywmeeegcho mf orti ng words when | n
finitely times whemd tfheelitr Iwowadss aatn da craoraed
I the difficulties. |l would Ii ke to thank
ughs and advice when | needed t hem. They
arabl e and hel ped me move -iahl aom gan di shmmeovwuHl er |
r giving me endless support andtllovieadTwian
fat her-idaaW, mbt have gainteod® wa nlgd tr eafé d&irercdei ngth
gl es.

Lastl vy, Il would I|Iike to give my deepest

rmed f ami |l ¥Yo.unTghamhkoiy can,d JEIl eanor Yu for bei

itngst hank Ji Young for, as she started as



further to becdmeaevamdr ttroertsh afnkr Jlii freabbrog at or yt

techniques. I would Ii ke to thank Ji Young
| acked when we first met. Il would also |ike
skills. And | would al sotd ilke my wihfasm.k [Jiworwl
my -monohd gir | El eanor for joining Ji Young

very fortunate t o ihfatv el ns utchhe af obrlne sosfi nygouand g

Agai n, I would Ii ke to show my gratitude
journey. They hel ped mae edigdmeln daonu svl ye gw heexna ilt

new chapter of my |ife afterward.



Table of Contents

Dedi c-a-t-i-06-A -1
Acknowl e-d-g-ment+-s i
Table of-€eRteAts ---------- - - - - - - - - - - Vi- - - - - -
List of--Fi-gu+res i X
List of Ab-Db+-evi-at+-i-6-4as X0
Chapter | -—d-ft-+-0etet-t-O-Pmmmmmmmmmomooeeeee 1
1. IHut ch-Gnbard Proger i-a--Sy-n-d+-o0-me--—-{-HBPS)
1.1.1 LamfAoeopat-hi-e6r 2
1.1.2 Mechani s m-o+--€t-as-5-i-e-a-i H-GR-5---4
1.2 SpA-i-€c4+-a4 7
1.2.1 Function of spbki-ei-pg--—-a-nd--—-at-t-frnati
1.2.2 Spl i cd-Ag-—-meehahrt-S-M-—-—-mmmmeeee- 9
1.2. &adMomi ¢ ad----s-p+-+-€+-Ag -11
1.3 Progerin -H&RPS eismsdt+ovi--e-thatase-f---------------- 15
1.4 Gehiod ywpe EXp+-e-5-5-t-0-A---DB-a-t--a 16
1.5 Significanpee-oft--t-he---Res-e-af-ec-h--—------18
Chapter |1 X Exploration of -p-f-e-gef-it-A--1eXpress
2.0 I nt-+-oduecti-on 20

Vi



2.1 Progerin is exp¥Fressetd-—-—-i-pa-—-pofr-mat-2Lndi vi

2.2 Progerin expression i s -e-eof+-el-at-Bd4d with

2. 3 Summa+-y 29

Chapter -ddd an a&RINAs e s-—--oFf---GTEx--e-a-t-g-----------3 0

3.0 1| nt-f-6-6ue+t-+-o0n 31

3.1 Differential expFresst-o-n-—--anat-ysi-831(DEA)
3.2 Gene ontology (GO) and Gene--—-s8t3 enri (

3.3 Tr anwicda pd ormree l-a+-+--6-A--—-a-p-a-t--y-5-t--5---3 8

3. 4 S umma+-y 4 4
Chapter 1V : Mechanistic correlationsdx o spl
4.0 | nt-+-od4dect-+-o0+ 46

4.1 MOt | FaRat-V-S -Gt 47

4. 2 GC content and ex-o-Rt-i-p-t-f-0-p--—---e-n-gbHh anal

4 . 3 S u-mma+-y 56
Chapter V Summary, di-s-€e4ss+-oar—and--F8t ur e

5.1 Resear-€h-—-sdmmaF-Ymmmmmmmmmm e 59

5.2 Di s-¢cUS-S5+-04 63

5.3 Fut ur-e-—-—g+-F-e€t-+-0-R-5--mmrmmmmmmm e 67
Chapter VI : M a-+-e-+-+-a+-s-----a-p-e----me-t--h-0-¢-5---------7 0

Vi



61 Genotype Ti ss-ue--—-Expr-es5-5-i-6-n---d-at-a--—-71

6. 2 Reads Per Kilobase per Mi--d-i-0-p-Thapped

6.3 Sample categorization f obl-t-oe-wi-n-g-7percen

6.4 Bioinformaties—anrat-yse-s- 7 2

6.5 Cel l-A-4+-HAe--used 73
6.6 (PCR-—aAat Y808 73
Chapter VI-d-iAP-P-€-A-Gr--Kemmmmmmmm oo 75
7.1 Pur pose-—-and-—-+esttt-5-mm - 76
Bi bl i o-g-+-ap-hy 87

viii



Li st of Figures

FiguXreLdcation of mutation f.or..v.ar.i.ous3 | amin
Figu2zeCllassi cal HGPS singl e .po.i.nt..mut.dbdtion i

Fi gu3 ePrlel amirna nAs Ipaotsiton a | modi ficat.i.onb6in nort
FigudeTrlanscri pt..o.n..and..s.pl.i.ci.ng.......... 8

Figud ePmlRRNA spli-typg bpl.U2eo.s.ome................. 9

Figud eTo modes of snpl.i.ce..s.i.t.e..l.dent.i.licatio

FigufeSdhematic of recur.s.i.ve..s.pl..ci.nglProces

Fi guY ePR2ogerin quantificati.on..i.n. .GTEx2¥%¥6 cou
Figuz@uanti t-RCGR venRITysi s of |l amin A and proge
S A M P L B S e 22

Figul3 eQRranti fying progerin expr.es.s.i.on283sing
Fi gud4Fer &2cti on progerin of s.ki.n,..heart.28nd ad];
Figus eCQunt of zero, | ow and high pr.o®rin i
Fi gué eFr2acti on progerin against irseulna teixvpeo steedl
S A M P B S e 26

Fi gufeFr2action progerin against relative tel
S A M P L B S e 27

Figu8 eFRaction progerin of zero, | ow, and hi


file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0619.docx%23_Toc138131027
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0619.docx%23_Toc138131028
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0619.docx%23_Toc138131029
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0619.docx%23_Toc138131030
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0619.docx%23_Toc138131031
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0619.docx%23_Toc138131032
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0619.docx%23_Toc138131033
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930681
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930682
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930682
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930683
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930684
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930685
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930686
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930686
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930687
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930687
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930688
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930688

Fig
Fig
tra
Fig
tra
Fig
Fig
Fig
Fig
PRP
Fig
Fig
t ha
Fig
Fig
Fig
al t
Fig
Fig
Fig
Fig
Fig
Fig

Ut

u

u-4

u5

eV&Bl cano plot of differentially..8press

evVe&8nn diagram odorcroeglratl ad edi fafnedr emttiial |
cripts in.ski.n..and. . hear.t..t.i.s.s.uesld33
eG8ne ontology analysis odortrheel aotveed | app

cripts .i.n..s.ki.n..and.. . hear.t ... 34
eG8ne set enrichment analysis of3% he al

eSBbset of gene set enrichment..ald@&l ysi s

U6 eN@t abl e di fferent..al.l.y..expr.ess.e87trans
vt ePrBel i minary correlation analysis of pr
e T PRSPPI 38

U8 eP&8ar son twrars crirptedrmd i on anal ys3% with

u9

t

eG8nes with multiple top ranked transcr

are cocrcroerlreetl ead eadn d& oa rptrio.g.e.r.i.n..ex.@roessi or

t¥@ Gorrelation plot of FP vs..expr.€42sion

vX¥e @Gorrelation plot of FP vs .ex.pr.d8si on

Ut

u-2

u3

u4

u5

u-6

uf

eSdhematic and nomencl ature of the site
native 56..(Ab). . . .spl.i.ci.ng..ex.ent.s....47

eDREME differenti al motif enri.cham@nt an
eDREME di fferenti al motif enorchh@nedan
eDREME differenti al motif enri.c.hsnent an
eDREME di fferenti al motif eoaorfrcéabh@2nédhpn
eHidghl y earcd eerot @ d et rsie g.u.e.n.c.e.s...a.r.obuznd 56s

eCA@utcrlieoti de r-2ppesieni an.i.bnomthnls

X


file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243894
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243895
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243895
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243896
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243896
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243897
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243898
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243899
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243900
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243900
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243901
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243902
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243902
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243903
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0620.docx%23_Toc140243904
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930700
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930700
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930701
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930702
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930703
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930704
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930705
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930706

Figu8 eS@dhemati c

Fi gu9

(by

FiguX@ Bi stribution

20

Fi gul
Fi guz2

sampl

Fi gul
Fi guz2
Fi gu3

Fi gu4

and

eGa@a

50

content

Pear sonos

ranked

of t he di.v.i.s.i.on...aof..t.h®24 exon

compari son between backgrou

correl.at..an..co.ef.f.i.ci.enthy5 A5 ev

of Il ength between el sit

Pear sonds..cor.r.el.mé i on

(by c

eWDEr Ki n.g...mMo.d. .l 6 2

ePI50t

es V' S

eTr7an
eTr7an
eSubs

eTdp

e

r

of individual splicing events bas

hi gh prageutr.i.n..exp.r.es.s.i.ng..s@dnpl es

cripts from splicing rel.at.2@ gene

cript types of di.f.f.er.ent.i.a¥7y exp

t of gene ontol ogy..anal.ysi.88 (spli

anked differentiall expressed tr

y

L = O I o Y o PP PPPPPPP PP PR 79

Fi gub

i g u6

i gul @

i gulk

eLat e
eRe&pr
eSSl i
eSSl i
eSSl i
7 nt

I7d e

n

e

n

t Dirichl et Al l.ocat.i.on..of..&TEx sk

sentation of bases ar.ocund..8he 506

strengt.h..anal.ysi.s..ud8?2 Ma

ng

strengt.h..anal.y.s.i.s..u83 Ma

ng

strengt.h..anal.y.s.i.s..u84 Ma

ng

ength distri.but..on..f.or8%etain

cation of LEF1 bindi.ng86ites

Xi


file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930707
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930708
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930708
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930709
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137930709
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137933199
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137933200
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY.docx%23_Toc137933200
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186786
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186787
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186788
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186789
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186789
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186790
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186791
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186792
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186793
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186794
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186795
file:///G:/Work/Cao%20lab/Dissertation/dissertation_RY_0724.docx%23_Toc141186796

Li stAbbf evi ati ons

30ss 30 splice site

50 s s 50 splice site

A3 Al ternative 306 splice site

A5 Al ternative 506 splice site

AB E Adeni nedibtaisreg

AF Alternative first exon

AL Al ternative | ast exon

BP Branch point

CA A X C : Cystine, A: aliphatic amino acids
CP M Counts per million

CS Cryptic splicing

CSI M Cy s tseeirii el emecihneoni ne

DAVI D Database for annotation, visualizatio
DE A Differential expression analysis

DRE ME Discriminative Regul ar Expression Mot
ED MD Emery Dreifuss Muscul ar Dystrophy

ES E Exon splicing enhancer

Xii



ES S

FP

FP KM

FTase

FT 1

GCcont e

GO

GTEX

GSEA

HGP S

INM

IS E

IS S

LA

LMN A

MB

m RNA

ME ME

on splicing silencer
action progerin
agments per kil obase

rnesyltransferase

rnesyltransferase |

andgyteosi ne

ne ontol og

notype

ne set

tis

enr

tch-Gnbar d

t er medi

at e

ner nucl ea

mi n A/ C
thyl ene
cro RNA

ltiple

bl

EM

y

S

r

u

f

ue

chment

Progeri a

f

ng

ng

e

o

me mbr ane

r

content

per mil |

nhi

bitor

expression

ament

enhancer

silencer

Mot i f

anal ysi s

Syndr ome

El

citati

Xiii

on



MX

NE S

NMD

PS |

RB P

RI

RO S

RS

RP KM

SE

s RNA

sn RNA

sh RNP

STREAM

TF

™M

TP M

Mutually exclusive exon
Nor mali zed enrichment score
Nonsense mediated decay

Progerin

Percent

Po$stans!| ati onal

spliced

RNAinding

Retained intron
Reactive oxygen
Recursive site
Reads Per Kilobase
Ski p-exiomg

Smal | interfering
Smal | nucl ear RNA
Smal

Sensitiyv

€,

protein

thorough,

Transcription

Tr i mmed

Transcr i

factor

mealnu eod M

pt

Per

Mi

n

r

modi fi cati on

species

per Mil |

bonucl ei

o

miultd rac | eopr ot ei n

rapi d,

n

on mapped

c acid

enriched

Xiv



UV A

uv B

uvce

UV R

Ul

ul

ul

Ul

Zmpste2Zi

aviolet A

aviol et B

aviol et C

aviol et radiati on

met all opeptidase

STE

24

(CAAX pr

XV



Chapter | : I ntroducti on



l1.1Hut chiGinddrmrd Progeria Syndrome (HGPS)

1.1.1 Laminopathies

Laminopathies argenetic diseases caused by mutatiaggenes encoding for proteins
in thenuclear lamia or nuclear envelopeLaminopathies mayesult in various phenotypes
from muscular dystrophtp neuropathy t@remature agingyndromegSchreiber & Kennedy,
2013) Nuclear lamins have been under intense study for everything that is related to the
nucleus, including changes in the nuclear structure, organization, and functional ciiheges.
nuclear lamina is composed of lamin A/C and B. Lamin A/C is encoded by-tiygeAamin
gene,LMNA, and lamin B is encoded by thet§e lamin genes|. MNB1 and LMNB2
Intriguingly, it has been fountthat at least 15 unique diseases have been attributed.ti ke
gene This number is greater than diseases attributed to anysitigés human gen@Vorman,
2012) There aredistinctionsin the inherent properties betweentype lamins and Bype
lamins.The difference in the isoelectric points makes it such titgpB lamins stagssociated
with the nuclear envelopiaroughout development and differentiatias opposed to Aype
lamins, which become solubleduring mitosis and are only expressed in terminally
differentiated cellgT. Dechat et al., 2000; Thomas Dechat et al., 2008 expression
patterns also differ as well, wheretfge lamins are expressed in almost all cell types;pk
lamins are most notably not expressedeaunrons and glidue to a brain specific micro RNA
(miRNA) Mir-9. (Jung et al., 2012)There arevariousmutations within th& MNA gene that
contributes tadifferent unique laminopathies (Figure1). The most prevalent laminopathy,
Emery Dreifuss Muscular Dystrophy (EDMD), has mutations all throughoutNHi¢A gene

that may contribute to the diseaslewever, diseases suchH&PS, mandibuloacral dysplasia



familial lipodystrophy and Dunnigan type familidipodystrophy, have mutation ibMNA
gene near the-@&rminus suggestinghe importance of lamin A pestanslational modification

involving farnesylation(Navarro et al., 2004Schreiber & Kennedy, 2013There are other

Protein Key: LMMA Mutations:
= Globular domain [ AD-Emery Dreifuss Muscular Dystrophy (EDMD)
=1 Ap-Limb Girdle Muscular Dystrophy (LGMD1B)
E Rad-like domain B AD-Dilated Cardiomyopathy (DCM)
= mMandibuloacral Dysplasia Familial Lipodystrophy
= Glabular domain specific to Lamin A — AD-Dunnigan type Familial Lipodystrophy
[ cCharcot-Marie-Tooth Disorder Type 2 (CMT2)
D Globular domain specific to Lamin C =0 Hutchinsen-Gilford Progeria (HGPS)

[ Atypical Wemer Syndrome
3" Untranslated

Figure 1 -1 Location of mutation for various laminopathies in LMNA

Mutations resulting in diseases affecting striated muscle are evenly distributed throughout the
LMNA gene. Other types of laminopathies, such as mandibuloacral dysplasia familial lipodystrophy,
Dunnigan type familial lipodystrophy, and Hutchinson -Gilford Progeria Syndrome are clustered in

the C-terminal globular domain .

Adapted from Burke & Stewart, 2006

lamin-associatedjenes that may contribute to various laminopathies, su@yad1being

cause for EDMD, dilated cardiomyopathy and spinocerebellar ataxia tyg&BSTE24



causing mandibuloacral dysplasia and restrictive dermopatit. EMD3 being attributed for
bonerelated diseasesSome characteristics ofrhinopathiesare abnormal cellsignaling
pathways, impaired nuclear functioand altered structural dynamiddowever the exact

disease mechanisgand biological roles odysfunctionsof nuclearactivity remain vague.

1.1.2 Mechanism of cl assical HGP S

6§ 8 T 6 6 6C

N Normal sequence
/ i \ \ of LMNA
6 6 T 6 6 6 N

G608G(GGC>GGT)

G608S(GGC>AGC)

glllglltlalla E T Consensus splice
G donor sequence

clleglltllal alalc Normal sequence
of LMNA

G| |G|T||G|] G|G G608G(GGC>GGT)

G| |G|T||G G| C G608S(GGC>AGC)

Normal splice

Exén 11 /] 12 3 UTR

Mutant splice



Figure 1 -4 Classical HGPS single point mutationin ~ LMNA exon 11

Single point mutation in exon 11 of LMNA at position 1824 from C to T is known to be the
cause of classical HGPS. The point mutation activates cryptic splice site upstream, which leads
to deletion of 150 nucleotides (50 amino acids). Usage of this cryptic splice site produces

mutant protein call ed progerin.

Adapted from Eriksson et. al., 2003

HGPSisararmut osomal dominant | ethal disH&EPSIer <ch
patients have clinical featuresimicking those of normal agingsuch asalopecia, loss of
subcutaneous fashort stature, prominent scalp vein, osteoporosis, and severe atherosclerosis
(Merideth et al., 2008Chi | dren with HGPS have nor mal i nt
eventually develop severe atherosclerosis ar
(Gordon e.Clals.s,i c2@xla&)es of HGP S earnsouwinéd t ieon at
(C1824MN, ray,eGt@3e2Aa) in It MMpemxe,n Wi oH a ditei v at
splicleErdiktsson (eRurga?) 1, WAe@A3)rYhis site is use:
nucl eotides of exon 11 are removed by splici
acids from théAsemeatdldMiNdpdpopideistnytpweo llAami ms A,
which includes 12 exons, and | amin C, which
Af ter lamin A is transl ated, the precursor
transl ational (lhogB8jeicacli odi 3¢ efparnesyl ati on
Cterminus, where the isoprenyl group attache
the terminal AAX amino acids from the CAAX
| CMT, and u pgset r efa-ne lcehie®wvsa by ZMPSTE24 at [
(RSYLLG (WMotuinfg) et ZIMPSTHh@R&o6prbaease that play
roles-tirmnpgdatt i on al modi fication of prel amin

AAX amino aci ds and removal of t he t-er mi na
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transl ational (Maldi ampatilobmeshe@epsas@00b) HGPS,

of the farnesylhet-tariodsntsalta ttihoen aeln dmoodfi The€ a% 0 on

amino acids missing from progerin incl
retai ntsertnnienuG of l amin A, including a
Normal Prelamin A Processing Hutchinson-Gilford Progeria Syndrome
50-amino acid deletion
(==RSYLLGw=)
*RSYLLG === CaaX ' s CaaX
Farnesylation (FTase) i Farnesylation (FTase) l
I,AM M
*RSYLLG ww==CaaX ‘ s CaaX
C-terminal cleavage C-terminal cleavage
(Likely RCE1 and i g5 (Likely RCE1 and A okad
ZMPSTE24) ZMPSTE24) f
“RSYLLG mmC 1 : —C
6* Q+
Methylation (ICMT) L Aadand Methylation (ICMT) l
i i
———RS Y LLG s C-0CH ‘ —C-OCHy
Prelamin A (74 kDa) Mutant Farnesylated Prelamm A (67 kDa)
Upstream cleavage l (Progerin)

(ZMPSTE24)

/— Upstream cleavage
P—— s RSY

Mature Lamin A (72 kDa) QQ“

Figure 1 -5 Prelamin A post -translational modification  in normal and HGPS patients

Prelamin A must undergo post -translational modifications (PTMs) to become fully mature lamin A.
The PTMs s initiated by farnesylation of the cystine of terminal CAAX motif. The terminal tripeptide

is clipped off by RCE1 or ZMPSTE24. Isoprenylcysteine carboxyl methyltransferase (ICMT) methylates
the exposed cystine. To complete the PTM, ZMPSTE24 removes the last 15 tail domain residues,
which includes the farnesyl tail. The last step of the PTM, removal of the terminal 15 tail domain

residue, is no longer p ossible in HGPS and thus permanently farnesylated.

Adapted from Young et. al., 2006
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abnormalities, genomic instability, mi t ochon

(Gordon et al., 2007, 2012)

The inherent problem with the mutation a
(G608G) mutation causes alteration in the sy
near by wupstream cryptic splicing Henocassts.

the aforementioned 150 nucleotide deletion i
production of proge@MPSTEH24auxaget hei tleac kUnodfe r
mechanism of splicing may helppr ouse ru md eprrsotdauncd

di fferent settings.

1.2 Splicing

1. Fuhcoifosplicing and alternative splicing

The centr al dogma of mol ecul ar biology s
steps to pr odsuicten eRINAL TomBRE AN i RChA e mavthierne

it is first tranpcrmeRMmdst rloen phec ®NAed Tihn or

a mature version of RNA, which is the messen
Gene
Gene | T I | ]
(DNA) | EIEEEELH [EELELLL [IIEEEEE] ]
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Transcription Transcription
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l Capping. splicing and polyadenylation

Mature mRMNA 7-mG cap @[] 11 Il 11
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Figure 1 -8 Transcription and splicing

FFom a geneSs DNA t empl at-raRNA)tishmadeidaring a prdcessRddlikd
transcription. The pre -mRNA must be processed with a step called splicing to remove the non -
coding sequences called introns (colored teal), followed by joining together the  sequences to be

included in the final RNA product (exons, colored green) to form the mature mRNA.

Adapted from Ahern & Rajagopal, 2023
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from the same gene. This 1s possible becaus
splicing and creation of mat ur e mRNA. The e
di fferent combinati onesxornpgdme O 5d00 odfh Irhicuengaimg ar
t@ncode for mul ti@Elieamnmdg f & e Claheits,, p Ri6rR &t) mnrsn , a

alternative splicing to contribute to the ma



1.2.2 Splicing mechanism

As described ljynRNAesplrieoeiomwmgsi s the proc
noncoding sequence of the gene and jgemea ng t
to create MmMheupeowmBBNA. of splicing is |largely
a machinery cal Tae Bppi ceespmmesiinahlcd m@mo s e

ri boomprcdteei nsUl(s nURNP)W4 , T he5s ea nsid sSULh6RNP s , al on

Qp
A (OH

E-S:
585 BF 358 Q +
CE ) ——— o — o — CE R

Step 1 Step 2

Figure 1-11 Pre-mRNA splicing by U2 -type spliceosome

Schematic representation of the two -step mechanism of pre -mRNA splicing. Upstream and
downstream exons are represented as E1 and E2, respectively. Adenosine for branch site is denoted
by A.

Adapted from Will & L~ ¥hrmann, 2011
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called the dlariato. After the formation of
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transesterifidhei omtrenactiaomat, al ong with

released after this process.

It I's i mportant to know how and where th
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(7]

pliciDegesdi egcenstheir | ocation, they a
enhancers (ESE), i ntronic splicing enhancer
intronic splidnogher!l empersagtSEpctor in det
there are a couple of waydenhhafytheg 6béispbi
assembled at t hbPoepsoplkee $pkateosome identify
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identifying the splice site is (el @Eadntiiexemn
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on drmehitecture of t he -igretnrea n sbqe d¢lowefegntcd lhley ,f | te

Intron definition model Exon definition model

Introns < 250 bp Introns > 250 bp

Figure 1-12 Two modes of splice site identification

There are two modes of splice site identification, which are intron definition model (depicted on the
left side) and the exon definition model (depicted on the right side). Intron definition model takes
place across an intron when the long exons are separat ed by short introns (< 250bp). Exon definition

model takes place across exons when they are separated by long introns (> 250bp).

Adapted from Conti et. al., 2013.

exoanrse I mportant det er milmanmti sghfear etulkea rmpgomod ee ss, |
separated by Il onger introns (> 250bp), where
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123Nowtanonical splicing
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met hods. Some of these i nclrwedea,r sdrvyep tsippd ostpel i
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Throughout the genome, there are many ca:
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as the recursive site (RS). This site often
i s anylThkeaskeS. divides the intron into two sc¢
downstream i ntr oni.s Tfhier sutp s mlieiatmad Nn@ @tan@liti c e
the RS (YAG). The removal otfwa hfel aplsitmg aenx @ m:
downstream intron in between. As the final s

the two flanking eoxdrs oaree madium ed mRANEPe t R&r gti

into exomf Geefrigmimainol.i s et al ., 2016)
I ntron retention is defined as when the |
spliced out and thus includedFomn &hleomgntail me

retention was regardpeld, crngonsetqakkine et mé imn &

exon 1 exon 2
GT YAG|NN L 7:1c] —

o 1% splicing step
L sngm
'\j N"..w.r"’ 2" splicing step

variant U17?

L [ ~-

mRNA

Figure 1 -13 Schematic of recursive splicing  processing

Two consecutive exons are separated by a long intron which has the recursive site with the motif
YAG| NN. The GT of the 3S end of the upstream
thus the upstream half of the long intron is spliced out first. The NN sequence now becomes the
new splice donor for the upstream exon. The downstream half of the long intron is spliced out,

followed by joining of the two exons together.

Adapted from Georgomanolis et. al., 2016
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RNA transcription runoff, errors in other RN
Proteins that result from chimeric RNAs have
However, recent findings suggest t hat- chi me

cancerduws dellex al ., 2018)

1. 3 Progerin eM@P@&sismainvi chu alon

I ntriguingly, progerin, which is the pro:

cells and-HGREBS urecsr nnadl niomdi vi dual s, ( Bd rtthroaurg h&

Kennedy, 2010; K. Cao et al ., 2007; Mc Cl i nt
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wavelengths between 280nm and 315nm. Longwayv

the shortwave UVB, which in part reaches to
penetrate. They have excluded t hewauvsee eonfgt UV ¢
because theyt heemekr oomenntmi that an individual
natur al aging process and t huFsr ocno ntthriisb udti lndyy

uncovered that UVA, but noti nUVBaot hi nnrdeuccreadt aplr
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regul ation of gene expression in multiple

2. To provide the scientific community with

nuclaeiansd cell | ines upon which to detern
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Hut chiGnddmr d Progeria Syndrome (HGPS) I s
point mutlaMNd&dena,n wtiech | eads to the product

MmMRNA, which then would produce the mutant fo

described earlier, progerin is found t-o be e
HGP®or mal I ndi yiChwaled ad . wel2l007; Lesiak et
Scaffidi & Misteli, 200Bhe Thaeus hof &t Riigngee ¢

characteri ze pr ogerTiins seuxep rEexspsrieosns iionn GeGToRxy)p e
of 8,555 samples from over 30 different tiss
t he GTExacraonpd emaj or tissues thatanar el sfof eecxt

various biol o@iraead o ir otceed swist t hlMGPS and al so

20



2.1 Progeekprneosrsnead iimmdi vi dual s

GTEx wversion @6nohaem8sampl pepstaacross 30 d

prescreening measure to ask whether progeri |
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Figure 2 -1 Progerin quantification in GTEx v6 count data

Progerin expression categorization was made based on read per kilobase per million mapped reads
(RPKM) value on GTEx v6 count data. Zero progerin was defined as RPKM = 0, low progerin was
defined as 0 ~ 33.5 RPKM and high progerin was defined as RPKM > 33.5. Zero, low and high
progerin samples were indicated in each cell type as blue, green and red, respectively. The highest

percentage of high progerin samples was found in  sun-exposed skin tissue.
Data generated by Dr. Kun Wang
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transcript count data to calculate the read

value of progerin. The samples were separate

The RPKM values showed that promgalri nndiraindue

Il nitially, samples were categorized into 3

zero (0 RPKM), low (0 ~ 33(PK ®RPKME2 ahdghbgbr

was defined according toipheiabiindaobéact
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Figure 2 -2 Quantitative RT -PCR analysis of lamin A and progerin mRNA levels in GTEx samples

Quantitative RT-PCR analysis of lamin A and progerin mRNA levels in the RNA from wild type
fibroblasts (Fb168) and sun -exposed skin samples (D1, G1 and G2); n.s., no significant difference,

*P<0.5, **P < 0.01, **P < 0.001, ****P < 0.0001). Normalized against GAPDH.

Data generated by Dr. Huijing Xue
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*Fraction Progerin = 1 — LMNA full exon 11 PSI
Figure 2 -3 Quantifying progerin expression using fraction progerin (FP)

Progerin cryptic splice site usage was quantified using fraction progerin (FP) quantification on brain,
blood, adipose, heart, skin and muscle tissue samples. Fraction progerin was predominantly zero in
brain samples (negative control). Other tissues showe d progerin expression followed a similar
pattern. Using this distribution, progerin expression categorization was made, where zero progerin
consisted of FP < 0.5%, low progerin consisted of FP value of 0.5% ~ 4% and high progerin consisted
of FP > 4%. The dotted lines indicate the cutoff FP for categorization of zero, low and high FP

samples.
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Figure 2 -5 Fraction progerin of skin, heart and adipose tissues

Fraction progerin of skin, heart and adipose tissues were visualized in box plots based on their age.
The age bins were divided into 20 -29, 30-39, 40-49, 50-59, 60-69, and 70-79. In all three tissue

types, relationship between age and FP could not be determined.
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Figure 2 -4 Count of zero, low and high progerin individuals in each age categories

The distribution of number of each progerin categorized GTEx samples are shown for age bins 20-
29, 30-39, 40-49, 50-59, 60-69, and 70-79. The samples were taken from skin, heart, and adipose

tissues.
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Figure 2 -6 Fraction progerin against relative telomere length in skin and skin R sun exposed
samples

Relative Telomere Length of skin and sun exposed skin samples from GTEx was plotted. Both skin
data show negative correlation between fraction progerin and relative telomere lengths, but the

relationship is more profound in sun exposed skin samples.
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Figure 2 -7 Fraction progerin against relative telomere length in artery, muscle and stomach samples

Relative Telomere Length of artery, muscle, and stomach samples from GTEx was plotted. The relationship
between FP and RTL in muscle and stomach was close to none. However , there was a visible negative

correlation in arterial samples.
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Figure 2 -8 Fraction progerin of zero, low, and high progerin for skin samples in other

tissues

Quantification of fraction progerin levels of samples with zero, low and high progerin
expression in skin tissue compared to heart, adipose and muscle tissue ( ttest, *: ) T8
R T8
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3.0 Introducti on
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Figure 3 -1 Volcano plot of differentially expressed transcripts in skin and heart samples

Volcano plot of differentially expressed transcripts in skin and heart tissues is being shown. The red

label corresponds to down -expressed transcripts and blue corresponds to up -expressed transcripts.

The cutoff value for log2 fold change was 1.5, and the cutoff value for -log10 p -value was 5.
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3.2 Gene ontology (GO) and Gene set enri chme|

Next, the sets of differentially express
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and 50 genes encoding transcripts di fferen
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hi gh with-silegsni fi cant p

Progerin correlated Progerin anti-correlated
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10698 9807
Figure 3 -2 Venn diagram of correlated and anti ~ -correlated differentially expressed transcripts in

skin and heart tissues

Overlap of differentially expressed transcripts in skin and heart tissues are being shown for both up
and down-expressed transcripts. 2,764 transcripts were up -expressed, and 2,778 transcripts were

down-expressed in both skin and heart tissues.
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Figure 3 -3 Gene ontology analysis of the overlapped correlated and anti -correlated transcripts

in skin and heart

Gene ontology analysis was made on overlapping down -expressed transcripts in skin and heart
tissues. Biological processes related to splicing GO terms are being shown. Terms such as RNA
splicing, RNA splicing via transesterification reaction and mRNA splic ing via spliceosome are shown

to be significant (p value< p 11).

We further confirmed our finding from
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Pathway Gene ranks NES pval padj
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Figure 3 -4 Gene set enrichment analysis of the altered expressed transcripts in skin sample

Gene set enrichment analysis (GSEA) was done on differentially expressed transcripts in skin samples.
Top ranked biological processes were shown in the figure. mMRNA processing term is ranked the
highest (NES = 3.70, p.adj = 3.3e -69).
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Figure 3 -5 Subset of gene set enrichment analysis, consisting of splicing related terms

Gene set enrichment analysis revealed mRNA processing term to be highest ranked with NES =
3.70, p.adj = 3.3e-69. Within the mRNA processing term, RNA splicing related terms were ranked
significantly high, with RNA splicing to be at top with NES = 3.67, p.adj=5.1e  -62 and RNA splicing

via transesterification reactions with NES = 3.57, p.adj = 6.3e -48.
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Transcript Gene log FC P-Value
ENST00000361789.2 | MT-CYB -1.985 ~0
ENST00000387347.2 | MT-RNR2 -1.315 ~0
ENST00000361390.2 | MT-ND1 -1.406 4.323E-266
ENST00000557443.1 |  PRMT5 -5.638 3.184E-75
ENST00000535326.1 | PRPF19 -7.070 1.377E-35

Figure 3 -6 Notable differentially expressed transcript

Along with mitochondrial transcripts, ENST00000557443.1, a transcript of key splicing regulator

PRMTS5, is significantly down expressed. ENST00000535326.1, a transcript of pre -mRNA processing

factor PRPF19, is also significantly down expressed. Significance is noted by the log fold change (log

FC) and the p-value.
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Figure 3 -7 Preliminary correlation analysis of progerin expression against FP in PRMT5 and

PRPF19

Pearson correlation plot of PRMT5 transcript ENST00000557443.1 and PRPF19 transcrip
ENST00000535326.1against fraction progerin levels on all samples show a clear downward trend

of PRMT5 as FP level increases.

which is consiste(nXi omg hetprelv.i,oux01s@)udi es

3.3 Transve¢dieptcome el ati on anal ysis
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Transcript Gene r Transcript Gene r
ENST00000369299.3 LMNA 1 ENST00000546120.1 UBC -0.5
ENST00000561775.1 RPL4 0.63 ENST00000540828.2 PTMS -0.5
ENST00000484026.1 SLC25A6 0.62 ENST00000476216.1 NDUFA10 -0.5
ENST00000270792.5 SH3BGRL3 0.61 ENST00000469673.1 DRG1 -0.5
ENST00000393564.2 G6PD 0.59 ENST00000462885.1 RPL18AP3 -0.5
ENST00000489915.1 RPLBP27 0.58 ENST00000396861.1 GAPDH -0.51
ENST00000571732.1 YWHAE 0.57 ENST00000250498.4 DAD1 -0.51
ENST00000473620.1 PPDPF 0.57 ENST00000578038.1 MYL12A -0.52
ENST00000568562.1 ATP6VOC 0.56 ENST00000576965.1 RNF167 -0.52
ENST00000547387.1 | RP11-386G11.10 | 0.55 ENST00000552893.1 | RP11-386G11.10 | -0.52
ENST00000217652.3 MYL12A 0.54 ENST00000533308.1 COMMD9 -0.52
ENST00000407537.1 COMT 0.52 ENST00000565723.1 RPL4 -0.53
ENST00000392168.2 TCP1 0.52 ENST00000393562.2 G6PD -0.53
ENST00000261443.5 CSDE1 0.52 ENST00000370179.3 PPDPF -0.53
ENST00000536647.1 GNAI2 0.51 ENST00000524204.1 NPM1 -0.56
ENST00000398603.1 GSTP1 0.51 ENST00000583065.1 RPLBP27 -0.58
ENST00000340687.6 SERPING1 0.51 ENST00000466227.2 YWHAE -0.58
ENST00000331457.4 DRG1 0.51 ENST00000493597.1 RNF187 -0.59
ENST00000394214.3 RPL18AP3 0.5 ENST00000381401.5 SLC25A6 -0.61
ENST00000357865.2 STMN1 0.5 ENST00000319041.6 SH3BGRL3 -0.61

Figure 3 -8 Pearson transcriptome -wide correlation analysis with correlation coefficients

Table of the Pearson correlation analysis of GTEx skin samples. The correlation analyzed between

fraction progerin and fraction of all factors in the transcriptome.

003 and -60r26n6=0.066,2, ragspectively), il lTustr

correlFagu€da®ds3(n many <cases, these are si mpl e
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event ; in the case of Si LsCo2f50Ar6m  -BEOAD2rih U6

isk i rpepte

SLC285M6L u(rBely. This was the agankefdorgemarsy f ofu

Transcript name Gene name r Transcripttype
ENST00000561775.1 0.63 Retained intron
RPL4

ENST00000565723.1 -0.53 IncRNA

ENST00000484026.1 0.62 IncRNA
SLC25A6

ENST00000381401.5 -0.61 Protein coding (primary)

ENSTO00000270792.5 0.61 Protein coding (primary)

SH3BGRL3
ENST00000319041.6 -0.61 Protein coding
ENST00000393564.2 0.59 Protein coding
G6PD

ENSTO00000393562.2 -0.53 Protein coding (primary)

ENSTO00000489915.1 0.58 Transcribed processed pseudogene
RPLEP27

ENST00000583065.1 -0.58 IncRNA

ENST00000571732.1 0.57 Protein coding
YWHAE

ENSTO00000466227.2 -0.58 Nonsense mediated decay

ENST00000473620.1 0.57 IncRNA

PPDPF
ENSTO00000370179.3 -0.53 Protein coding (primary)
ENST00000547387.1 0.55 Antisense
RP11-386G11.10

ENST00000552893.1 -0.52 Antisense

ENST00000217652.3 0.54 Protein coding (primary)
MYL12A

ENSTO00000578038.1 -0.52 IncRNA

ENST00000261443.5 0.52 Protein coding

CSDEA1
ENST00000339438.6 -0.45 Protein coding

Figure3-9 Fdmdr vhsg I tkshokd sno g mjdc sq mrbqgho

are correlated and anti  -correlated to progerin expression

Table of top ranked genes with isoforms that are positively and negatively correlated with respect
to fraction progerin levels. It is interesting to note that there are many genes with one isoform being
strongly correlated to progerin expression and another isoform that is strongly negatively correlated

to progerin expression.
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Figure 3-10 Correlation plot of FP vs expression levels of RPL4 and SLS24A6

Pearson correlation plot of RPL4 and SLC25A6, which were the genes with top ranked isoforms that
are correlated and anticorrelated with increasing progerin expression. The plot shows clear upward
and downward trends with respect to progerin at significant levels (r =0.63,r = -0.53 for RPL4 and
r=0.62,r= -0.61for SLC25A6).
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Figure 3-11 Correlation plot of FP vs expression levels of PRMT5 and PRPF19

Pearson correlation plot for PRMT5 and PRPF19 are also shown (r =0.28, r= -0.38 for PRMT5 and
r =0.34, r = -0.37 for PRPF19). Isoform exon-intron structure for RPL4 (cor:RPL4-006 vs anti-
cor:RPL4018), SLC25A6 (cor:SLC25A8)03 vs anti-cor:SLC25A6001), PRMT5010 (cor:PRMT5010 vs
PRMT5006), and PRPF19 (cor:PRPF1®01 vs anti-cor:PRPF19007) are illustrated .
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renti al expression anal yses wvaenrde hcecardu
es were selected because of HGPSO0s most

The differenti al expression analyses
rentially expressedng Alesloat enda ngye ntersa nusecrr
ssed as wel |l . To see what the commonl
cations of it are, the overlaps of diff

corr-ebatdettach eFdP )aniteir e taken to conduct
ing related terms were sicpmirfeil aaretdl yc ad |
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hanleyngi sanreveal ed that mRNA processing i
he differentially expressed transcripts
and observed that RNA spl i ci ntgi oann dweR NA
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e gene set enrichment analysis. To see |

c-wii ¢gp¢ oen@r r el at i ownh earnea |wes iosb swearsv eddo nteh,e ¢
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4 0 I ntroducti on

We have obtained a I|ist of genes, and tr
demonstrated the switch in expression | evel
mechanistic correlates to the progerin expre
that affect splicing, rangiamigdr H#mecm otrise tShéats pr
splicing factors. To search for the mechanis

was made around the tSdses.ofl tspils cdrnwc ieavle nwisa

of splice sites were examined. Two types of
Skipping exon and alternative 506 splice site
most wi dveeldy adltseernati ve splicing events. AIlt
because the mechanism in which the progerin
an alternative 56 splice site evenhatWeoal s,
contribute to the changes in the splicing ac
Overall, we made efforts to shed |ight on t|
splicing pattern observed when progerin | eve
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4 Mot i f anal yses

To explore the mechanism behindceheristif
guanti fication, percent spliced in (PSI), wrl
t wo products of alternative splTiExi mg.mpThee RS
calculated from transcript abundances-using
correlated with progerin were identified anc

(r). We focused specifalctaediyatoinve kb @ p(eAl5 )e xewn:

events allow us to observe differenti al exo
common form of alternative splicing. Alterne
cryptic splioeosithesusagegbal| sand we focuse
reason. We separately investigated eight typ
5 3
el
Skipping Exon (SE) -
e2
el

Alternative 5’ (A5)

e2
Figure 4 -1 Schematic and nomenclature of the sites analyzed for skipping exon (SE) and
"ksdgm shud 48 ' @4( rokhbhmf dudmsr

The schema and nomenclature of which sites were examined is illustrated. el and e2 sites for
skipping exon and alternative 5SS splicing even

site, and e2 refers to the site that el is alternative to.
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the event was of the SE or A5 type; whether

downstream (e2); and whet hercdarmreelP&tlied.al ues

As a preli miFoar yvasdhr ednithe, ei ght types ol
for enrichedMmbti pseuBMngo(MiE®IgEs uf B&EI | eyt at i e
2009EME suite includes 4 different tnyopteisf of
dat abase sesaaqglhhdmge dewttaldase searching and ¢
purposes of preliminary motif searEcdhicng,atDiosl
( DREME) was used to identify short, ungappe
identified GTEx sequences compared to the
obtaining the differentiall yhanriaclkedl| metriefds
cryptic(Bsaplliecyiongp0 2b)ar e f or rmmtki fofs d&érec Isiprg,c
t hat are associated with progerin expressi
coefficient PS&!| ovWiltaleetdhd rmenw ranked | ist, th
were ob2Ohmetdo (+20bp) . Sequence around al l s
obtained to be used as background sequences.

around 506ssso0ni ®&tvechtwi th progerin expression

For SE events, we identified 259 and 356
antorrelated with progerinO0r@pticespeictinel
events, we identified 94 and 82 -ceovremdlsatwdd swe
progerin cryptic s@O0.i)ingr evpedt i(Melrye.s hoHea &
were selected by identifying al/l the altern
(37,395 and 14, 109 s e ceuean cseos ,s erpeasrpaet cetdi vbeyl ye)l
the A5 and SE eve®ls3, deequédnceas td0 hlaaee rpai

site were obtained and further analyzed for
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background sequences -ruanlkegd tdief fMEMEN tsiua It ley. €l

obtained at el and eEi giu2,e3sMMiibrd SWe amhds eArSv eeds

s2  e2 2 ’ "2
Skipping exon p—
el s3
el s3
Logo E-value[?] sites(?] Width 7] Logo E-value 7] sites?] Width [7]
+ ¥
. *
L - i CA 5.2e-182 221 3 1. ‘."A 8.4e-186 221 3
],
10. i E'T 6.7e-164 187 3 4. S‘CT 2.1e-160 207 3
¥
& 5 ¥
7. — 4 CT 2.1e-160 197 3 3. HCA 5.9e-157 209 3
’ ]
&
B, =1 A 1.6e-153 216 3 8. a'T 3.9e-150 199 3
: .,
13. . b 2.3e-114 147 3 11. i 5.5e-105 145 3
5] ]
5 & ccc 5.58-105 141 3 7. . ﬂv ccc 6.89-102 134 3

Figure 4 -2 DREME differential motif enrichment analysis (Skipping exon , correlated )

Differential motif enrichment analysis was done for  correlated skipping exon events at el splice site

(left) and e2 splice site (right).

the CAG motif was <consistently rantketdi fass, o]

regardless of the splicing type (SE/ A5) or

out come, as we expected a motif to be diffe
confirm that the result imernodaf dsieqg uen ctehse ud
identified events against the background, w
same differential motif enrichment analyses
100 ti mes. The rdédeulCAG cnoontfiifr mesd ddcmsi stt ent

di fferentially enriched. Th-éO0Okpstoi hdObpnaot
56ss was then analyzed. For evenfcorrlebnt ewdr
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progerin splicing event and the background s
t he most akBumpdoasnttiaoth tfhreoem t he cEBingeMmes uZFh&T r

di stribution of CAG motif occurr@8pocei aconsto

5’ > 3 ) )
24 e2 5 ’ 3
Skipping exon s2_e2
el s3
* el s3
Logo E-value [?| sites 7| width (7] Logo E-value ] sites?] width [7]
+ + i
3. b CA 1.0e-224 296 3 3. E'AA 2.0e-204 278 3
% + 1
5. 5‘CT 1.9e-214 292 3 9. S'ATT 3.2e-166 209 3
+ + !
15. b T 5.8e-142 211 3 5. E'AAA 4.4e-160 199 3
+ +
8. 'ccc 5.1e-136 178 3 12; !'A A 5.8e-142 179 3
- [N ry
12. b 4.1e-130 197 3 15. !'T A 1.2e-112 164 3
+
23. b A 1.2e-112 145 3
+
1 E}CTTC 4.9e-087 109 4
Figure 4 -3 DREME differential motif enrichment analysis (Skipping exon, anti -correlated)

Differential motif enrichment analysis was done for  anti-correlated skipping exon events at el splice

site (left) and e2 splice site (right).

both background and our i dringuffa eBRemamgkalmlicye s

CAG motif distributions were significantly a

at the e2 site. Especially in the case of A
mot i f occurrence, where wecpbaseveed LA GU mb t
correl at-edr ramldataend ievent s. For SE event s, t h

occurrenceolinekt acedinketvemesti hg wassee that t|

for the background sequences to be roughly
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t hat progerin cryptic splicing is correlatec
the e2 site in the event s -cwhroased aR &*ld Iteov eplrso ga
event. The correlation was far stronger for

4 T4

Alternative 5’ splice-site

el 53 el 3
Logo E-value 7] sites[?] width[Z| Logo E-value [?] sites [Z] width
4. !:ICT 1.7e-057 76 3 10. b T 3.9e-054 65 3
12. !:“ 3.9e-054 65 3 18. ; A 7.8e-051 51 3
10. i' T 7.8e-051 63 3 4. ‘AA 2.1e-044 69 3
- Ho 8 e ®

'
1.4e-047 55 3 22. i 3.8e-038 41 3
+
17. !"CT 4.8e-029 35 3 13. i 3.8e-038 60 3

g:

¥ ¥
+ +
13. ] T 3.9¢-023 36 3 15. 5‘AT 4.8e-032 49 3
+
12. i‘A c 4.8e-029 27 4

Figure4-4CQDLD cheedgdmsh k I nshe dmghbgl dms "~ m" k

Di fferenti al motif enrichment analysis was do

splice site (left) and e2 splice site (right).
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X, M

el s3 el s3

Alternative 5’ splice-site

,Logo E-value ?] sites?] width [?] Logo E-value[? sites?] width[?
6. o CA 1.2e-063 71 3 8. E'A 8.2e-068 63 3
7. ’CT 1.3e-052 65 3 11, !AA 1.3e-052 48 3
= ’AA 3.7e-049 61 3 3 iAA 8.7e-046 63 3

O N o - O« s
12. 1:T 3.7e-049 62 3 6. ':T 8.7e-046 60 3
1 1,T c 8.7e-046 58 3 4. ‘,T A 3.1e-039 55 3
4. 5: T 8.6e-030 42 4

Figure4-6 CQDLD cheedgdmsh ™k I nshe dmqghbgl-abmekmted) m™ k

Differential motif enrichment analysis was done foranti -corr el ated alternat:i

el splice site (left) and e2 splice site (right).

Intron
Exon

-3 -2 -1 1 2 3 4 5 6 7
M A G G T R A G T (A)

C A G G A G

A G A A G

A G
G A

Figure 4 -5 Highly conservedtri - mt bkdnshcd rdptdmbdr ~gnt mc 45§

The nucleotide sequence (from -3 t o +7 position) MAG| GTRAGTA
for homo sapiens. Tri-nucleotides abundance for CAG and AAG at -3, AAG and GAG at +3, AGT at

+4, and GTA for +5 were examined.

To examine whether the ef{fle@ptosseemninmstip



| arger phenomenon, we have expanded the

sear

site. We 8xami3ned 4t mend +5 positions around t

SE Cor Pos -3 CAG SE Anticor Pos -3 CAG

1 50/0 § 1 50/0 }
== =t= — —a

ES background ES background

Percentage
o
R
Percentage
o
RS

- samples - samples
50/0 . 5°/c .
00/° 7 00/0 .
el e2 el e2
A5 Cor Pos -3 CAG A5 Anticor Pos -3 CAG
1 50/0 9 1 50/0 N

B3 background

L]
: . ==
* ES samples

Percentage
o
R
Percentage
o
R

- —r— background
B3 backgrou
B3 samples
L ]

5% 5%
00/0. 00/0.
el e2 el e2
Figure 4 -7 CAG tri-nucleotide representationat -2 onr hshnm eqnl 48rr

CAG maotif distribution at the -3 position from the bootstrapped runs are shown. The distribution
was compared between the background and the events that were identified as either correlated or
anti-correlated with progerin cryptic splicing event. Significa nt reduction in CAG motif
representation is observed at the e2 site for SE progerin anti -correlated events, A5 progerin

correlated events, and A5 progerin anti -correlated events.
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for CAG a®d AAG and GAG at + 3, AGT at + 4, an
both el and e2 sites. Sever al shifts in moti

these were underrepr e3 eatt atth eo ne d § 2iCtAd,t adwnerors

at3 at the el sites with correlated PSI val u
sites with correlated PSI values.
4. 2 GC content and exon/intron | ength analys]|
To further investigate signatures that ar
|l andscape, we examined the GC content i n th
alternative splicitgpree¢mntedcwredli puoded udal
has been found that different splicing patt e
(Ami t et al ., 2012; Fdr &&aammgcaarrredllad, tea2 0dAL) a
identified i nwitdhee ctorrarnesicartiipotno menal ysi s, we
regikingu8fe tdhe upstream exon to el), the regi
sites, the intron between e2 and the downst

exon) for the top 10, top 20 and top 50 ev

site

' e'l e2

Figure 4 -8 Schematic of the division of the exon and intron

The exon and intron were divided such that there are 4 different areas for investigations : First area
marks the start of the upstream exon up to the alternative splice site (el site), second area marks
the alternative splice site (el site) to the end up the upstream exon (e2 site), and third area marks

the intron between the upstream and downstr eam exon. We have analyzed an additional area for

the resulting intron that would be made if the el site used for splicing.
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categorizations, also including background A

regi ons, at 3 tierus ed f4 A& mpelve n ddsorritrdaaddantsae rdle Fwe

respect to progerin expression have signific

We have also investigated the | engths of
GC Content
0.069 0.043
| 34005 ' 2.5¢-05 '
—0:0068 "~ 0.0051 |
0.02
1.01 . B 0.024
- [ 0.094 : 1.0 —
] . 0.09
] 1 .
8 —
O| 0.95
(O]
Si=— |
* * -
!
0.0 .

backg'round top'j 0 top;EO to pLSO backg' round top'_1 0 top'_20 top'_so

Intronic region e2, Anti-correlated Intronic region e1, Anti-correlated

Figure 4 -9 GC content comparison between background and the top 10, 20 and 50 ranked (by
Od gqrnm8r bnggqdk shnm bndeehbhdms( @4 dudmsr

The distribution of GC content for intronic regions for anti  -correlated A5 events show that GC content is
reduced in the identified events compared to background  (e2 background vs top 10 : p.val = 0.0068, e2

background vs top 20 : p.val = 3.4e -05, el background vs top 10 : p.val = 0.0051, el background vs top
20 : p.val = 2.5e -05, el background vs top 50 : p.val = 0.043) .

in the tiered events were compared against
(Furgel P4 The di stance bet-weenebhhtednavewmesswh
shorter than that of the backgOdo;unvds .e wle2n tbsp,

06; and vs-184#Aobphadkdgbeund agéDnstesppctiDye
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Length (bp)

5001 I 0.591
0.683
0.966
] 1.76e-18
400 3.72e-06
0.000417

300+ . o
200
100 | .

0 4

backdround top'_1 0 top'_20 top'_50

el to e2 sites, Anti-correlated

Figure 4 -10 Distribution of length between el site and e2 site for background and the top 10,

20and50 g " mj dc '"ax Od grnm8r bnqgqgdk shnm bndeehbt

The distribution of length (in bp) for area between el and e2 for anti -correlated events reveal that

area for the identified events are significantly shorter than that of the background.

4 3 Summary

Results from the previous section identi"

being highly <correlated, whil e anoWehehaviesof
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made efforts to uncover the mechanistic cor

motif enrichment analyses-nwerleomadle tmotiidemat

splice site that is differ emtpiaaleldy tenrtiheh éeda
reference sequences. The differenti al mot i f
around the 506 splice site is significantly

splice site sequencé &drpdiseimaing nt thiree sdprAusccirea Its i
be competitive. We examined pdhei tCIAGn snoftof ab
for skipping exon event and alternative 506 s

at3 position is sigmicthiedantElsypedi fafi @ rye rf toira Itlhye

events, the CAG motif was significantly redu
and exonic/intronic |Ilength anal td¢gs |roeweeaali enc
intronic region, and that the el to e2 site

with progerin expression compared to the bac
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Chapter V : Summary, discussion, and
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5. Re s e aunenha rsy

Thsesear chwaesndfiav®tr i nspired ibnyv epsrteivgiaotu s
phenotypes of chronol ogical aging, specifica
(sun exposure), aegltlidlian as emea@&aoeUVaarr r Blda
Faddah, Kieckhaefer, et al ., 2011;. LAessioa k ae
preliminary screening of the GTEx dat-a reve

HGPS nor mal haddswmatdUualasnount s Tohfe phrioggheersitn |eexv
progerin expries saxmo swed es ksiere nslg mp |Tehse (pRied urm
GTEx screening was done using reads per kil
(RPKM) RBKMeguantification is not the prefer
cross samptleeasmp(lseampdmpari so-sd)e. blhsierdg qaaspl

met hod, Percent Spl ilcMNAslonf o(rPissl )t,h atth ed ofersa cntoil

size exon 11 was calcul ated. This, in our <ca
proger Usi 0GP}y he FP quantification method, it
expressed in samples from 5 diffe3pnt Aftti srs

examining the distribution of progerwans expr
made so tohudtd tblreedeabw!| ed sampl ePsr ozgeerra ,n lexw raer
was compared with other metrics to observe
interesting observation was that progerin ha
224) We observed that FP had negative correla
effect was observed at a -gxpased sdamelngd hf rwd

sampl es -6()Fi gure 2

With the categorization previously mad e

expression anal yses tweanes ccroinpdtusc tdeidf fteor eind @ matl
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hi@9hogeri mpraomgderzenr ®BMmpl eseal ed many mitochol

di fferentially expressedchaondki al acygs fhiermatti c

we-k hown phenot { ResToond& eslGRS al . , 201Br oxXeninm
expressitHGP S momramal 1 ndtwei huml 6 ahsomsteemhond
Aside from mitochondri al tsrpd n scd rnigp trse | amaerdy

di fferentially ®xphease®PRMI5wahd PRPF19. De
overl|l apping coborekhatddanhdamastii pts between
was done in the form of gene ontol og8O ( GO)

and GSEA revealed that the transcripts that

in skin and heart tissues are invol-¥ed3in ve
35)T.hi s gave duesa at hsattr osnpgl iici ng | andscape may
expressé#HEGPISN nmo ma | i ndividual s. ad\aiPBMpPpBS el i m

and PRPRBRh®wve reexpatnsilmedvas shown that twiet P RiMaT$p e
and PRPF19 transcripts were negatived.y38 orr ¢

and-Or. 37, respectively.

A transwirdetoaorer el ati on analysis was cond

annotated transcripts in thdg Htaramsc reit pfiddeme i2
initial finding was pveermnpcompssnghateaireg e
negatively correlated, withChogér Peaveshidbgart

results revealed that there were many genes
or -aeotrel ated with respect to FP, and al so
positively correlaast edy oamgotyheakegiafPiveEmamplr & €
RPL4 and SLC25A6 show clkfar ooswhesmébRmpeves

i measned cl ear negative expression trend for
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Fig-abg. 3The two splicing r,elPPRMTIS geende sPoR RIFeln

(7]

howed ocslietairve and negative (tFig#idbBst wontli f f

that splicing changes aH&PSommoe I mat ed nwii tvh dia B

| s otuog hetl uci date the mechanistic explanat

splicingMbsatieoagdet he splice sites affect t|
search for potential candidate motifs in top
for differentially enriched motif around th

correlation analyses done aga3 nposiFtPL. ontofwat
seemed to be the mostdiddregieantte ratl (Fiayg ub2ner ii 4erhiefdi
3,445 MNext, we observed the distri3bptisoni @i (¢
both el splice sCAG@ montdi fe 2r espprieisceent aittid.n f o
specifically were shown to be significantl
background seguenceast(lFi,gwrtehed factors that
changes werG€ examiemed.and exonic/intronic | e
wereexami ned. The results revealed bbotah &L «
downstream exon and e2 to downstream exon,
compared to background. Exonic area betweel

significantly reducedorfet ah®dewend teapeatet

We have characteri zeedGPrSo gneorrinma | e xi pnrde svsi idour
GTEx dat abadsief,f eersetnabilailshexpressi on of inhransc
samples baxgFiFessé nge wi despread splicing patt
when progerin is being expressed and explo

contribute to this phenomenon.
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Combining together the findings from my r
to explain what may be occurringlGRBemopmalpe
indi vi iugdhse W bel i eve that there i s some s
derived from DNA damaging agent such as telo
irradiation, which | eads to alteration of tF
affects skipping exon andstal tlemamlaud edc Widt Isiph

Trigger

(e.g. Telomere attrition, DNA damage, other factors)

¥

Alteration of splicing

Alternative splicing
.

el

skipping Exon (SE) ] Including

e2
________ Progerin cryptic splicing
--------- T

el _— ~—
v 0 B e

e2

LMNA exon 11 splicing

Retained Intron (RI)

Figure 5 -1 Working model

The figure illustrates the working model for the research done on progerin expression and its

association with changes in the splicing landscape.

of A5 events i sLMMarny pmei co bsspelriveei nign event . T

ut i laindleg@r oduces progerin in smal/l amount s.
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5.2 Discussion

Progerin expression in nor mal individual
studi es. Wes noabl sle ravmeodu ntthsatof RNA t hat coul d en
GTEx sampl es, fumed , B)IAI n tteirsessuteisn g(l i, g use of t
splice site appearrsarntesago faocrtmsv,atiempslioymen go ft hteh ec

activation of ot heFi gu2yefft mce sppGPBi ng av emtem
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Figure 5-2 Plot of individual splicing events based on their PSI observed in zero progerin

samples vs high progerin expressing samples

di sease, we expected chronologi cal age to |
individual s. However, we did not identify a
progerin cryptic site and chr ononl oegxipcrael s sa goen.
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correlated with telomere shortdémiirmgmaai majkors
al ., , 2esprpciakbpsed skinn samplamkedAmnmanrd et b
expressed transcripts, we observed a -number
expressed in the zero fFoghth)egh vhr cdie rsiurg geamsl
correlated with depletion of mi tochondri a.

HGPSMei Xiong et-Talres 28&t17al Rj v20=2h,d Xieorag ke

this effect -H6P&|l sondsekeduahsnwenth progerin e

Analysis of alternative 5' splice sites |
that changes correlated with t hsepaced odl ttédren
SitWhd |l e the mean di stance betweeni al akbonat 85§
nucl eoti des. , the 50 most strongly <correlat
about 30 nudlgoarpddBumawlaer hore, the 5" splic
a slightly diffTéemanbrcoyeotonsessnslds mrB¢l ec

+4 and +5 have distinct abundance compared t

at2 and G motif at +5 positions, we have obse
comparedbaokghound, and we saw a trend in th
cut of f . I n general, the cor e ox& eslpaltiecde esvietnet
reduced conservation. We suspectendimas mdtei fad

t h-8, + 3, +4 and +5 positions of both el1 and
mechani sm which is involved in autre)ybngndpl.
previous studies may hint that progerin expr
representation at the 56ss may be correlated

a nearby splice siteecampdidcdatng, | eading to a

I n accordance wi(Amiprevialbs, rgfé&drchammer
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et al, ,GRQ0ddantent also plays a role. We uncc
l ength distributions were not significantly
progerin expcesseloated hevamts utrcd d . dHe rfee,r e
intron GC content is significantly reduced,
di stance between these sites is siwmdpP4d cant |
We specul ate thatrehe swieclheld ibBefdowhst at

together and areimdt RNAparated by GC

While the mechanistic basis for these changes remain unknown, but there are some
suggestive associatiorfarst, the most highly correlated changes in isoform abundance include
switches in factors known to be involved in alternative splicing, including PRMT5, SRSF9 and
PRPF19 (Figre 31). Furthermore, there is a correlation wighomeres, and telomere
shortening is known to lead to increased use of the progerin cryp(iKait€Cao, Blair, Faddah,
Kieckhaefer, et al., 2011l is also possible that these changes are associated with alterations

in nuclear architecture, which are known to result in altered spl{@@agmer et al., 2022)

On a macroscopic scale, telomeres attrit:i
been connected toKalnt€@aomatBlai spl Faddgh, Ki
Paronetto et al ., 2009; Shkretlat & Lhauwbdrot h ¢
sunlight is accompanied by wultraviolet (UV)

radiation is highly correlatétdi wieh BNA, dama
et al., 2009; Nicholls et al., 2004;TeTaknreueh
attrition is also found to have a causative
production of progerin dur i(rKgans eCmaeos ¢ eBlceei ri, n
Kieckhaefer, lemt oallr. , sty )eppogedi skl avehmpl

hi ghest amount of hi gh progerin expressing
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telomere attrition are both prime exampl es c
t he past research with our own results, we

damage and telomere attrition,diwhiidlhalca,usiersc

the progerin cryptic splicing through some u
We also found that i f progerin i s -expres
expressed in other tissues. Together with th

cirsegul atory el ements that aéfgealbtl yhenctdbahhes
Al t hough we observed widespread change in sp
kind of physical phenotype by having proger.

possible that t herper oigeransakeredbsieshpol di hoe

expression in nor mal individuals is nowhere
patients. Ot her specul ations can be made, S
acting wuponitihndprva geurailms ewx pr essi on, which ¢
nor mal i ndi vidual versus HGPS patients. Ho w
t hat many transcripts from mi-dorcrheolnadtredal i mge

sampl e&xP.S IpnatH e rtosc,u mietntiesd wehlalt mul ti tude of
have beef Mebs&Xivaed et-Tatres20€tl7al Rj veao d3X; Xi

i's evident from previous -damdgesstbpgaal ipm@ga

pat hways, alongside with activation of p53 r
(Benson et al ., 2010; Burtner & Kennedy, 2
McClintock. eThate,i 208F3%0 a possibility that

the -Ddlkage | oop by damage hgmalireg DNA a vicio
effect must be explored further. It i s possi

smal | number of cells that produce high | eve
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I n any case we do not know what clinical p h

expression in nor mal i ndividual s.

The function of progerin in normal individua
have establ i shed pr ocgoaamicen,amoil @ec ulbenr wepadmenoty
chronol ogi cal aging and alternative splicing

indeed be associated with aspects of the mol
l evel . Howevermutiant itchre, awes esnpceec wifat e t hat th
progerin expression ve nocmaér edmdbasidaoaadsf f &
background versus the events that are alter
must be done to establish a causat rtdvaemargeel,at i
changes i n gpeelgiudiangpragndcltement t hat are resp

subsequent phenotypes that may not be readi/|l

53 Future directions

Throughout my research, I have used GTEXx
dat a fHGPSnommr mal individual s. One of the wa
my research and to validate my fithnldatngiss i ®n

similar scalTeh et oCatnlceer GTGEXx .0 (hdMc Rehden (CGA) .
Wei nstei ndat adlase 2®@h3)ains clinical,, bamd&dpec
i maging dat a for sampl es from 11,000 pat
(phs00017Whivllel . piBg . condi ti on mayH®RS dndrfmaler
individual s, usage and incorporation of comp
valuabl e insight. We may explore the proger:i

damamgea idi fferent setting compared to that of
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exposur e, direct UV irradiation, and tel ome
cancer patdemder amat ineemts may give usS unique

expression i n dirHGPeS ecnotn dsiettitoinnsgs of non

Anot her path that can be explored more w

model . The connection between the trigger a
stronger. The study done on cellul aobonsensesc
robugKan Cao, Bl ai r, FaddahHoWeeekhat¢eher sted

source of UV i rr adi(akteisoina kf reoptmaasld.n, t e240plo7€)o n & r
phenotype for chronological aging, could be
term and |l ongitudinal, can be developed and
determining the acutndiatfeatiofthenfwameotVU
There has been only 1 study of such type, an
a stricter, more control | ed ame thhed d onfa kd enlgi vce
bet ween UV a rsruandiiagthitonanvdi progerin exwirlelssi o]l
provide insights on the much needed | ong ter

DNA damage to individuals. The degree of exp

duration per instance and t haebldeurraetsiudn so ft ot
causal claims on relationship betwet@PSDNA d
nor mal i ndividual s.

Lastityhas been uncovered in previous stu
amount of cells, rather than(&qunalChyg, sBland,

Kieckhaefer, lat thhesey sh@dd) decdlgmreedd ap rdogiérl ien
reporterwhceornes taeallclts expression progerin are

signals (DsRed). This reporteactdomsterduccteldo
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(FAOs)al l ow us to identceiltlheabhe hagbpgdpulcatyipan
activatM&NdA Amot her study tthhaet ucsaenc ebfel scieihgd uec t
(scRNeAg@gchhmiogueé denti fying subpopul.dbi assebsc
the effect of progerin expression more preci
results Adeartrage abf-seuggiing GgetRNIAng-tisiedgh r es
anal,ysiapture the celilhulaart alsestwerlolgeaaxei ¢ ys evd &
pat tbearsresd on cel |l tyPteydiseadbtiypelsudinmg sprae@est. i
be very difficult because of | ack of proper
shown that adenine base editing (ABE) can be
progerimgespames eis without the cotacgen eff é
(Kobl an etCoanb.i,ni 2g2%)he method to generate
identifying subpopul ations of cell s that e

progerinds role maybe elucidated.
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Chapter VI : Materials and met hod
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61 Genotypgpepfifessuen dat a

Genotype Tissue Expression (GTEx) data w
GTEx version 6 raw transcript and gene count
t his study ( GTEx eAn &Fll wxils 6v & rRRMAsana i pt _r
GTExXx _Anal ysseqvBENREEAL. 1. 8 gene_ GERBRXS.wertsigan
contains a total of 8,555 samples across 30
seq data were collected using Il lumina TruS
done U&ARNY 2A(SO0.b3an edbgal nst2udpn reference gc¢
based on GENCODE version 19 annotation. Tran

RSEM v(lB.3.10i & Dewey, 2011)

6. 2 Reads Per Kilobase per Million mapped r e:;
RPKM is a normalization method to accoun
were calculated using the following formul a:
w7 &
Yu U —_—
o v
pmm pm

whebies the read@icteuntheol eggawhdoft hgenet al nu

mapped reads

6. 3 Sample categorization foll owing percent

Transcript count d a(t lao nfsrdoanh e G Tethxs aviesresdi 2thad
calcul ate percent sp(lTirciendc aidno. (eBlilb)$ ewsuienddgl BY P

progerin (FP) was then calcul ated by subtra
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abundance rel ati veL MNOA stoi@er mbundanceutall ze
GENCODE ver si(oharlr9ow hegiBa8s)l use@ 0a) a referenc

SUPPA2G6se oPEI 88 MX RI FL was wused to calcul a

splice sites, mutually exclusive exons, re
respectivel y. |, OEa sf ial ep awats ogfe ntehreatpeidpel i ne f
inclusion | evels of all transcripts from GTE
examined and used to divide the samples int.

(FP 0. 3%%and4®igh (FP > 4 %,; PSI < 96%) <catego

6. 4 Bioinformatics anal yses

Differenti al expression analyses were do

packaged Simymrmg veoeebpn 3. 38. 3). Li mma i s desi ¢

using |linear models and it is specialized to
mul tifactor designed experiments. The tproger
conditions. The expression data were nor mal |

normali zation transbdébonms peunmi datant |l 69 GRN
used to calculate the |linear fhifti doamceveBiygn
transcripts werevdkefienedt asf havi pg<aOpO05. G
transcripts that were i dentified as signific
(Chen et. aBEnr, i c2hl0rl 3gnal ysi s provided GO ter ms
Bi ol ogi cal processes (BP), cellul ar componer
pat hway. Gene set enri chment analysis (GSEA
Bi oconffiototkevich @dtheabnpotl®#22dd gene set L

mol ecul ar signatufésbdarabas€s5aMItPPB®YY) gen
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used, where we obtained the biological proce
false discovery rate (FDR) was <calcul ated w
selected tissue samples were paokégsasts wandc¢
on 20 samples versus 20 samples contrast. Th
empirical FDR. Pearsonds pairwise correlatio
the correlation bet wevwerr es adnpr e sus iMog i Mu latniag
maxi mi zations for Moti{(BaEIl eygi ewittiahb nt, ( &2 BfddI) | ¢
opti-omjsf un de (used for setting obnneocttiifvse 3fOu
(stops after -mindi Bg(B0Onmmumf sgngtmaafv Ehe
(maxi mum | ength of tphpimgtfoér tohbédembdl)if Bama
Ssubsetting 150 sequences in SE events, and 6
Ssubset 10,000 sequences for both SE and A5 e
the differentti adnamoysés eh00chimmaes. For GC co
top 10, 20 and 50 evenvtasl uwee roeb tsaeil neecdt-vefidd @na sterd

correlation analysis (Pearsonés corr-teéati on

6. 5 Cel | l ine used
The HGFDFN168 (Fib 168) and HGADFN167 (

obtained from the Progeri a Research Founda

HGADFN16 7, an HGPS patient.

6. 6 gPCR anal yses

Tot al RNA from fibroblasts was extracted
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California, United States) and purified usin
t he manufacturerdés instructions. The RNA yi
spectrophotometer.-eRpAsedmpkes WwWeom sRNMA est ¢
was converted to cDNA using -R8dri pBAYel @uant
RTPCR was performed in tripli cRaatde) uosni n@F XS9Y6B R

time system (Cl00-Badher mMal m€EycsegqueBCces ar e:

l amin A {GECAWMLTARNGTECAATGATGACCA

l amin A -CAT6G6ATBGE: 5'

CTGCAGTTCTGGGGGCI'C,TGGAT

proger i n-GfCArAVCArAdG T CCAAT GAG

GACGAa' ,

progeri nCAEGATGETGBAGTTCTGGGGEHLC,TCTGGAC

t-actin forward: 5' CTGGAACGGTGAAGGTGACA 3' ,

t-actin reverse: 5' AAGGGACTTCCTGTAACAATGCA 3
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7.1 Puampdsreesul ts

Over the course of conducting -Hé&BSammoh mah
individual s, many different approaches have
di ffer ehhe ammdesdi X section is dedicated to
were taken prior to or after some of t he me
approaches may or may not have yieldeadtmeani
for me to examine to findn pwitten tv arli oresc hfaand ts
found atseobeated with.Ilmradgeédarsi nseextproens,silonwi |
contribution to a collaborative work with D

accel er adeersi veBSKeratinocytes -@ilfferaentPiraotgie

Syndrovwa® et .al ., 2022)
Transcript Gene log FC P-Value
ENST00000556647.1 SRSF5 L4264 8.921E-24
ENST00000554929.1 SRSF5 -1.275 7.125E-08
ENST00000556436.1 SRSF5 -1.003 3.097E-04
ENST00000576585.1 PRPF8 -1.283 1.032E-34
ENST00000572723.1 PRPF8 -1.402 1.901E-27
ENST00000573681.1 PRPF8 -0.597 5.509E-12
ENST00000575116.1 PRPF8 -0.733 5.113E-11

Figure 7 -1 Transcripts from splicing related genes that are differentially expressed.

Many transcripts from SRSF5 and PRPF8 were found to be significantly differentially expressed in
skin samples. SRSF5 promotes splice site usage, and PRPF8 encodes for protein that is a core

part of the U2 and the U12 -dependent spliceosomes.

Figuileshows the table of differentially expr

related genes, SRSF5 and PRPFS8, gat hered fr
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anal ykiis.i s the results of differential expr

testing

Up Down
3000 4
2000 4
1000 4 1
04 -
Adipose'_Tissue Heart Skin Adipose_Tissue Heart Skin
Transcript Type Transcript Type
antisense . nonsense_mediated_decay . pseudogene . SNRNA unprocessed_pseudogene
. . IG_V_gene . processed_pseudogene retained_intron TR_V_gene . Mt_rRNA
transcript_types
PLIYP . lincRNA . processed_transcript . rRNA sense_intronic
. mMiRNA protein_coding . sense_overlapping SnoRNA

Figure 7 -2 Transcript types of differentially expressed transcripts.

Transcript types of the identified differentially expressed transcripts in adipose, heart and skin were

observed.
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Figu2z eslyows the proportions of different tre
transcripts in adipose, heacrotr raenlida tsekdi nt rtainsssc
both examined. We expected twvasieeuantomans eri

however none were observed.

GOTERM_BP
5 10 15

~ o

mRNA splicing, via spliceosome

RNA splicing, via transesterification reactio
RNA splicing, via transesterification reactio
RNA splicing

regulation of RNA splicing

regulation of mRNA splicing, via spliceosome
alternative mRNA splicing, via spliceosome
negative regulation of RNA splicing
regulation of alternative mRNA splicing, via
negative regulation of mRNA splicing, via spl

GO Terms Genes

ISY1 PPWD1 HNRNPR DDX41 PRPF19 EFTUD2 MAGOH SNRPD3 RBM5 SRRM2 RBM17 AQR M
mRNA splicing, via spliceosome (GO:0 BNL1 TFIP11 PRPF4B GTF2F2 SFPQ DDX39A HNRNPUL1 HNRNPH1 PRPF3 SRSF2 PPIE SNRP
000398) A1 SRSF4 HNRNPH3 SNRPF PABPC1 SRSF5 SNRPA SF1 SRSF9 DDX5 RBM8A SRSF1 U2AF1 P

RPF8 PABPN1 POLR2B PCBP2 DHX38 SF3B1 POLR2J SRSF10 SRSF11 HNRNPA3 CPSF1 FUS A
LYREF CWC15 HNRNPL PHF5A HNRNPD HNRNPC HNRNPA1L2

ISY1 PPWD1 HNRNPR DDX41 PRPF19 EFTUD2 MAGOH SNRPD3 RBM5 SRRM2 RBM17 AQR M

RNA splicing, via transesterification rea |[BNL1 TFIP11 PRPF4B GTF2F2 SFPQ DDX39A HNRNPUL1 HNRNPH1 PRPF3 SRSF2 PPIE SNRP

ctions with bulged adenosine as nucleo |A1 SRSF4 HNRNPH3 SNRPF PABPC1 SRSF5 SNRPA SF1 SRSF9 DDX5 RBM8A SRSF1 U2AF1 P
phile (GO:0000377) RPF8 PABPN1 POLR2B PCBP2 DHX38 SF3B1 POLR2J SRSF10 SRSF11 HNRNPA3 CPSF1 FUS A
LYREF CWC15 HNRNPL PHF5A HNRNPD HNRNPC HNRNPA1L2

Figure 7 -3 Subset of gene ontology analysis (splicing related terms).

Collection of the splicing related GO terms are shown. For mRNA splicing, via spliceosome, and

RNA splicing, via transesterification reactions, the genes associated with the respective terms are

shown.
Subset (splicing related terms) of the gene
7-3 . The gene compositions for MRNA splicing

transesterification reactions atrleers hiomwne s tGieg

for alterations in expression pattern in the
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MTACOZ
MT-CYB
MT-ND1
TXNLl
MT-RNR2
CIC
EIF3L
KRTS
PIEZO1
DsP
MT-ATP6
MT-ND4
MT-ND2
TAF15
KRT14
MT-CO1
RELA
BAGALT4
CYPZR1
FARP2
ARFIP1
FBXO18
ITGA3
KRT10
MT-CO3
MT-NDS
RNF31
AL590762.1
SNX12
TMEM109
ZNF581
CTD-2235H24.2
ECSIT
GBA
POLDL
POMGNT1
ACINL
ACOX1
CALR
ccT2
COX7A2
DCTN1
DDX24
DMKN
FBXL19
FPGS
GTF3C2
HNRNPA3PS
ILF2
KLK11
MAN2C1
NDUFA10
NMRALL
RPL13AP25

PRMTE

Figure 7 -4 Top ranked differentially expressed transcripts, after correcting for multiple testing.

Many mitochondrial transcripts and transcripts from splicing related genes were found to be

significantly differentially expressed, after correcting for multiple testing.

Fi gu#Aeshows results of differential e
The transcripts dei€®OR e {CMByY -NMAle,
PRMTS5 and PRPF19) were of parti el ar
or splicing function.

RPL28
TBC1D10A
TRIP4

Xpressi
r TexdN-RidldR@ MTM T

tochends
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Progerin Zero -

Clusters
. 1
H:
B

Progerin Levels
©w = ~ (=] o =

-
=]

Progerin Low -

Progerin High -

Figure 7 -5 Latent Dirichlet Allocation of GTEx skin samples

Latent Dirichlet Allocation (LDA) model was used to assess the differences in gene clusters for zero, low,

and high fraction progerin samples, as well as finding composition of driving genes for each of the clusters.

Latent Dirichlet All ocation model was used t
3 categories of fraction progerin |levels in

not able to find significant owwommas ihtiigohn aflr &
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progerin sampl es.

Correlated, r > 0.4 , sense, below threshold

Distribution of bases on A5 events at 5'SS

Correlated, r > 0.4 , sense, above threshold

1.00-

(=}

~

(5]
[

percentage
o
W
(=]
]

o

)

($)]
[

0.00-

Distribution of bases on A5 events at 5'SS

Figure7-6 Qdogdr dms > shnm ne a rdr ~gntmc sgd 48 ro

1.00-
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o
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o
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0.25-

0.00-

Representation of the 4 bases around t h®&hisw& dme
for correlated, cutoff r -value of 0.4. Those above the threshold were compared to those that were

below the threshold.

Base composition arouddtbhe75@osphtioasyi wer
compari son was made between r > 0.4 vs r < 0

the two groups.
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Figure 7 -7 Splice site strength analysis using MaxEnt (A5).

Splice site strength of the identified splicing events were observed, based on the various

PearsonSs correlation coefficient cutoffs f
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Figure 7 -8 Splice site strength analysis using MaxEnt (SE).

Splice site strength of the identified splicing events were

correlation coefficient cutoffs for SE events.

observed, based
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Figure 7 -9 Splice site strength analysis using MaxEnt (RI).

Splice site strength of the identified splicin

correlation coefficient cutoffs for Rl events.

<

Splice site strength analysis was done usi ng
(Fi g&r & 7-8 ). For A5 and SE event s, there wer
bet ween the background (all ) antdo tbhee av aprrieofuesi

for progerin expression to be associated wit

84



and r > 0. 4.

Figure 7 -10 Intron length distribution for retained intron events.

Intron lengths oftheidentified RIspl i ci ng events were observe:

correlation coefficient cutoffs .

Fi gu9 estyows the intron |l ength distribRItion f
events that are correlated to the progerin e
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