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Abstract

Hydr acitsi na asessil e, col oni al i nvertebrat
Cnidaria. They possessofa asdudatr kcaeb Il s kaopwl
c-cell s whiheh saueyde acskt mpirassi ve regener at
Previous work had i deretlilfsi eldirtimeg permbs e/mae
met amor phosi s. I was able to shooweltlhe f
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appeared atcettHe s3 /g4 of tiechu awi tde Inhasn ya ti
expressing Piwcdl |l wmackein . afithe true deve
of these-cedtlatpirwegeinit ors rPeansati nsst utdoi ebse hs
shown that a -cpeolplusl adamngiofe iri se to all s
well as gdiydraeltlHo wiarver, whet her edi s po
of di st i nccammi lt-oc el gie or pluripotent cel l
conf i Tmesd.dweotrekrsmihree devel opment al -peltknti e
i Hydract iVvmgka ustldy dorfadsi mieamar kabl e gr owt h,
established a method tetltfaomfardiondl a
Pi wi 1: : GIFWPb Bleitra: : mScarl|l et reporter col ony

stolonal contact. This met hod nagllleovge da ftt re:
cel l in the holsothstiryewe tihmydmwaétidisrsiyae e

possessing an initial-ceslilngdevealroaamedy einn tco
animal with a mixture of cendrs areditved W
type recipdemitvedonelrl s, representing al
and germ cells were scattered in the rec
sexual pol yps, and in the stolonal C 0 My

Hy dr a toisrsiea s es pcleulrlispot ent i
Additionally, sHwydt adt ideinbbott ypéds biih any

gualities such as continuous proliferati
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1. Stem Cel |l s

1. 1Stlem Cel | s

Stem cell s are defined acapaciptey éfaenvadeedl fc
and differentiation into more g¢gpPetitahni &e
Loeffl er, 1990; HalSlt e& &Wakitl s 40889 )kssent
devel opmmeneto,s,taandi s egenerati on, and are pi

at both the embryoniAn oard rad wlatt ulrief eo fs tpd g

is the absence of mor phol ogi cal and mol e
with a terminally differentiated state.

cel |l to di fferenti abaed i gtooeftadan goerrgranl s
(War mf | as h, LarduinThe&sBeewastope 2012¢%
a single stem cell can differentiate i nt

potefQFi gur(eOvierlit-uhral,i nmyl, Ou, Finegold, &

Toti potent stem cells give riesmbrtyoone mbr
structures as well as every other cel |
exampletoti potena 2nwgoteg that can form tfF
a pl addemwtadeure t o its -rembwlitycbaonseel be
a stenPlaealilpotent stem cell sagdvgermseeldot
i n an organism but do +w®otbrgomecr sseuctobu

example of which wouldtlhe maemhtamsanm coeltl.

I n most ani mal s, pl ur ilpciitesmcy 11 sl stoimed Ihy
period of time prior tnoangmaasisioammh it ¢ omel ISy r
be reversed back into pluri poatdednictyi omy off
transcription factors t hat ar e Known t
mai ntenance in embryos, C-OCAMaka@xz hiKLIFE4,
200.7)Mul ti potent stem cells are more | i mi
more discrete cell |l ineages such as hema
rise to all/l bl ood cell types of both the
smal | portioniof shematcoepdiseti s necessar
hemat opoi etbhai Ipyr,oceppr.oxi mat el y, one tril

mai ntain homemdbmwmasei mdivmow Lee & . H&Sne,m 20:

N N



cells with highly I imited potential are
to continuenmseswybsge!l d6nly differefKiodaiesi n
& Moodey.,, 2013)

TOTIPOTENT STEM All Germ Layers and
CELLS > Extra-Embryonic

* Structures

PLURIPOTENT STEM
CELLS _) Gametes and All Germ
Layers

Y

MULTIP(?ETLELNST STEM ———3» Discrete Cell Lineages

Y

UNIPOC-II-EELITI; Sl =3 A Singular Cell Type

POTENTIAL

Figur &i. mplified schematic of the cate

Adul t stem <cell s ar e undi fferenti ated C

organlimmmost ani mabstenhenul aTpeoweinnder go

set énelwpl symmetricrdl vddgmmeoni cally (one
stem cel |l and one differentiated <cell)
gr owt h. I n humans, adult stem cells are |
i n speciddpendemstuestem cell nichepai These
and regeneration of <cell types discretel

N



organi sms masuaoal &é¢pdtamarmsua,ns and sal amanc
mu c h greater regenerative Mpatenti aNudhys
Grudni ewska, & Bergal &mandex®x18¢% an regr
structures such as tissue in the eye, t e
nervous system and their heart. A mound

a blastema. The bl astema i s madeem ucpelolfs m
that differentiate into all <cell types r ¢
responpsleanianr i sakkamander s can discern whet
fuddal e amputation has occurred and moun
ei ther vhceceuwnd tchre rebui(lTd jtelrg sSStarviaggteur e Whi
Stocum,. 1PI84dn)ari ans have -bbeéeycapageneyatpbo
can fully regehmragment s olnusemtad It heir popu
adult stem cell s. I f a single planarian

each fr@gmeeadgt f ormotshte paanrtte rtihoart al aehkvs st
pl anarian wi Igle nreetg ednaehrtaytcealani ndi vi dual , r
structures such as the nerv®agnsyst em,

Reddi en, 2012; Wagner,. Wang, & Reddi en, :

1. 1Dt er mPhiumngpotency

Pl uri potency siesv eirdad n teif ff ieecdFiibrys t rheyt, hda dhe u't
transcription factors which act as regul
set énewal and the inhibition of |lineage
chromatin and amplifi 80KRo@Gd4 iceléeéxpreds

i n totgenmeadt embryonic stem cell s. Downr
foll owed by i mmediate differentiation of
(Pesce & ScholTéare, t2@0hk)xri ption factor,

principal regul ator of pluripotency in en
of other pluripotency genes. Its downreglt
det er mi(nTahtoi nosno n , et al ., 2011; Grubel ni k,
Zi dar ,.TRORO)are severiani emoedmhiotdso dheft hne t h

devel opment al potency of cell types.

N O



Secondluy, pptency ciami bgodséséesedtiati on
i's established by culturing of cells in
growth factors present in the culture med
are then assessed to deciphergewhmatl alyevel
occun(iChen, et.Thl s, madohoyd is not consi der ¢
as It doesnodot truly r epwiessteaittewtelvee rg o mpg !l @ x
all ow for the determination of potency I

constraints would ba&ai vialve sus e i ®fhsot her

Thirhe yttetat oma assiatyi met hodef dbectheedet e

o f potency. The cultured cells being ass
I mmunocompromi sed mice. I f the transpl an
then teratoma tumours for m. These benig
mi xtumae vafiety of cel | types that ori gi

( MonRibjloa et. aRnotR&R23method for potency

eneration of chimeras from blastocysts,

]

g
organi sms are combined to form a single
c

i meras were created by agdradgaptriogmnm ecfs e

—+

rough development to generate mice wit
gregated eightfTackdbWwsleimbny®61) on of a |

or i nner cel |l mass cells into a host

~+

generate a chimeric mouse where the do

y er |(iBnreaadgl eesy , Evans, Kauf mahf ®&h&obest

o o
> 9 O O « T T
>

mera can produce offspring with cells
further proof of tl&adgné&r Jaehiscpl u2io)

Lasthy, definition of pluripotency refers
generate al/l cells in an individual . The
pluripotency is the injection of a singl
this yourtannashaeat al l resulting chi mer
transplanted donor cel |l and i s i ndeed p

comes with higher rates of f@Kdanme, ast ral
2003; Kato & Gurdon, 1993; Becker & Techr

N 1



No#i |l aterian models have employed single

de
ce
ar
p o
| e
Wi
pr
t h
20
st

r e

vel opment al potential of their adult s
l'l's dispersed all throughout their bodi
e the seurceast tkegenerative capabildi
tenti al of these st,édmmgetlelratwagy - @as ssd «s
ss plahatihrarhadiiieat i on treatment. The pl a

th a single st-emr adkildod mforram Tdhendm anspl

oliferated and wultimately gave rise to
us proving the adul t( Wagemerc,elWantgo, b& Roe
1.1)The benefit for investigating a rege
em cell s, i's that chi meras can be cre
stricted to early embryogenesi s.

NP



1. €ni dari a

1. 2THe Phylum Cnidari a

Cnidari a, t he wel | supported phyl ogenet
composed of over 11,000 species of quite
basic mor phol ogy, reproduction, and eco
species exist I nmants awittwat ees®ntvhaoni40
freshwaten Jhanbwshkt s Collins.,, Des pGanep bteh di,
varying dissimilarity, al | members of th
featur e: a stinging <cell known broadly
specialised cells are used in predation,
The Cnidari(én gphedomi2gli yumed into two c
medusozoans and t he anthozoans. Ant hoz
Hexacorallia (scleractinian coral s, sea
anemones) @aodl |QOcat o( gorgoni ans, sea pen:
Medusozoans <can be divided into four c |
Hydr ozoRodec @r.y nenkdyHdrda fat iSciypphozoa (true
and Staurozoa (stalked jellyfish).

Cnidarians develop from two embryonic ger

and the inner gastroder mal |l ayer) and | a
have an epidermal and gastroder mal ger m
known as the meliogdlermasdm,sr cnidarians a
di pl obl astic and bi l(akrearuisa,ns ett r.iagll.o,bl
It i's a common misconception that al | c
However, this varies from species to sp
cnidarian species have external radi al

asymmetryao( Dminihattke Wagner , 2006 ; Mat us,
Pl awen & Splechtna, 1978)

The majority of c¢cnidarians | ife cycles h:

can vary in terms of their organisation

N >



Acr opoarday dr agwiitnh amul ti pl e polyps

unit polHypdsaa@e.mat ostel | a) .

I_ Protostomia

Hexacorallia
Octocorallia
Common
cnidarian Hydrozoa
ancestor
— Cubozoa
— Scyphozoa

Staurozoa

l— Deuterostomia

BOZOSNPa|N BOZOYJUY elis)e|lg

whil e

elepiup

Fi gureScltheZ2mati c denoting ptoltsé tplynl ode:

sister group t o rERillad ti eownisihhiigopm d CAdhagmtr @ c

(Koch & Grimmel.ikhuijzen, 2019)

1. 2CRRi.dari an Model Syst ems

o1

Focentumiesarians have been utilised a
range of di sciplines, i ncluding: ecol og)
devel opment al bi ol ogy, c(eKapolii ol oQoyur & me
Seymour , 2022, Jinker son, et al ., 202 2;
Lee, 2023; Fridrich, et al . At 20Rh8; o8t sk

NT



mol ecul ar studies into cnidarians, t he
genetic tool kits r edsepvoen soipbeeeetfaolrs ob ip raet seer
cnidariTamese studies revealed that many

were thought tsppelceve b e| atl sroi afnound t o be

model s, despite their | ess complex morph
cell types. This made cnidarian model s a
evol tFiiomerty, 2001; Lebedeva, et al ., 2

Al pt aNseimaat o sHyedlrlaacatnitinyidea a e model systems t

come to the forefront of cnidari an cel |

Al ptasia popular model for studying symb
relationship with dinoflagell ates. Al so,
Acropor awetreenuesst abl i shed, further i ntrod
cnidari am-+wa asitlausd(iKeaswa mur a, Ni shitsuji, Sh

& Satoh., 2021)

Nemat otasl bave il ed yd euvseeldo pmem ltmagdye | si nce t\
maj or event s; firstly, the establishment
all cwmp | ettihdde mat ost el |lai fvesicyt cetnbB§eHslnadb &

Uhlinger, SE292)4dI| vy, t he §&eaqaé o sgteengol nae f t h
(Put nam, e.tT haws $, o [21000y7e)d e v e | onpomieenctu Ioafr t 00

for Nemat octoenimuai ty including genome edit
technotbgy devel opment of c htrroanmossgoenmei ¢ | € vi:
assemkainidesi ngl e( &e-P®dat kases al ., 2018; |
Del vent hal, & Gi bson, 2014; Nakani shi, R
Zi mmer man, et al ., 2023)

The fr es#&hdwaazbyadnhas been ¢ onosliddeesriedda rti haen
model system since i t(sTrfda mlslteadpedsddivaiedmt i o n
utilised in stem cel If,orrmegtduodnr ed .i oo waeawnar
dr awlsa ok it saruesaglkee rarity of I t4 hseexual
i nacc e sosfi tesmbirtyyni ¢ déwal o pmwamutop adymset

foll owiamg adl e dor mancyl gpetrn odwahfi @thrt wea mt
weeK$r©°bius, GenAkh-BmkkcbbeKsgr &, Bosch, 20
Littlefield, Arkdheémdso& eBaolpddatdicmdEr,gs abeen
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le to fill dtahdty @ami Wabkekhseyg 06f eeninb iy p «

ni puJdaatdi devel opment of transgenic anim

2St3em CeQnisdarn a

e inaugural description of stem cell s
scribed cells that had embryonic char ac
producti on. He i1 dentified AStammzell en
| l Eyxdemdr i um r acemos uam ¢ yCdorraycateh npnualtsai.| |
i smann determi ned t hat t her e wer e S [
edet er niihnaewde nthrdaenrs f or mati on i nto germ c
ecul at edis tdhadgertmebdenet iwhegtcthif comes dombi ne
d that heri tsalbhlre nishfearmat iboyn germ cel | s
rank, Plickert, & M¢l.dTéhrn,s 260 %R; tWeiogsym
en pcowveenctmany organi sms, Hpd1it a gtrhicemii & a |
i ginally sHyuddiaecttoisin iamakel y does not ha
d ger chi creéidfernam agleur i potent stem cell s
mati ¢Mgkl s, Teo,. & Frank, 2004)

e ¢twassncdhrian models for stem cell re¢
damHdydractrecantly j oi neldk may ot¢hHea Inddrat h o
Uhl i ng.€élrhe 1s@®2rh el ¢ zaoraemsk n owwenl las, ias t h
e |l ocated in the |ieaeapiedeapniatihadl isapla cceelble
ve a |l arger, | oosely pac@ned nnibyidzieasr s an

Il s are multipotreenntewamdy actsoas ca §serlf
rringpitdneeamaglast r odeeprimahlel i al cel |l | 1 ne
neages are di fsfestréennetwuianigpdt ent (Boe@, c el
i mfield, Chow, . &ReHwoavnagl,-c ®l1f 9 Sfihdema ia

| ch(Cammebel br hea@d6) ( Hebhs menn, Hobmayer,
9n1¢sul ted i n remowiatlh otf h ea | d xhaeesdetlpi i ddng paoais
d gastroder maheéelpl tlhicanneiandaelsse dder e vi ab

they were assistead in feeding they sul

N ®



Hydr aag-¢ e Idiess,pi t e having the samebehanee and
vastly difteuanter gdadtUme iHly d meamo v aidced fl si

i Mydr aetanarug treatment is fatal for th
unl esscealewsiare introduced into the ani me
that as a -peplus asuppori all sdynaédt act iamida
(M¢gl 1l er, Teo, & Frank, Totipotent migrata
Ot her c¢cnidarian classes have not yet, une

ofceallil ke stem cel Issc.y phtguadnineash alap tBhggest e
their cnidocyt espiad e piiathhi evleido niuf(s@ermull ca,r ete |

al ., 2019; Cha@pmaeacendthipmepggygested the pre
of stem cells that express chresamtdadd:zotanr
Nemat ost el |.a Tvhecstee ncseilsl s tdaree mlec emflt eslea@ si |
adult and juvenile sea anemone. These put
ri ssomeomati andeltlos gamet enati al |l y- porntin

possi bl y, pl(uMiirpahu@&nt otakl & Stei nmet z, 2
al ., .2023)

I
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1. BBydractini a

1. 3HyYldr acds na amodel organism

For over 140 year sHydrhaehtaineomam i ad ed yals oa dm
or ganiWwemssmanlt 1W8a8Bst)or i cally been used m:
of devel opment al bi ol ogy, stem cell s,

However with advanhky drgachtaisnhimad Is@giresc,ent | \

used in the advancement of ol KEpmpgerm, C:
Sander s, & Cart WNiAghtarhap®@®282) & Fr ank, uny
dattand DNA me( hegbraitmomsa, et al ., 2023)

The most c o mMAy mIr ya cstpsencdi aenso d & 4 origsame s m
Amer il arymbi ol ongha#&ropuunsd, naturally along
At | acnaasct of Nolt shsAméercapecHes,hitnlag aEur
i's | ess comnforndnyk ,ushNidcotr a, & Schnitzler
Hydractinia, 2020)

I n i ts natHyrdala cheadniadssadi ndi vi doamal gzosi oop ed
Sshekb$oniledmibty cr abs. cllheaad | hoanv eg pfecaurre

ofpolyps for discrete functions. The f eec
predation and ingesti-bhkefi hostdrudheye aw
at the orabresnad whorchstinging prey and |
mouth. The sexual pol ymenearatirehpamdi obife
gametes into the surrounding water. They
either rspeggns,0o depending on thHydrsaecxt | mfi a
colonies are dioecious, except for i n c
par asr éesaghhtesr Mmamphrodi tic colonies that «ce
gamet(eMul |l er & Rinkevich, 2020; LakKhi s, C
phenomenon will be expl aiHmpevek vfeur, t Héri si n s.
event to sePachyltdhzowidsd.and tentaculozo
polyps against predation but are much r at
cul tdyedactoil nih®Kkesmpen, Sanders, & Cartwri
Sindel ar, & . ADdeh ipns 1a9 6@g leoncyo ninleic ¢ @& g h

br ancgasntgr ovieestcwldmakwn as t he stolon. The s

=N



Sstructure that has two epider mal cel | | &

spatbrough which food is transported ar o
byperistalticShiomiezne,ntKoi zumi , RuEufosdwma
clonality of the animal, all polyps, desctg

and differing greatly in appkPhrakeet, aFe
& Mull er, 2012)

For culturing Hyndraciltsalma akitghlnyg, attracti
colonies can be cultured @amysiomhes ¢gluad
opposed to hemommi whercdabthlrgl. g bwyi spalvae wdi
i n response t o l i ght and al |l stages 0
mani pul ation. This accessibility has al/
transgeni c r epDourBtuecr, aenti naall.s, 2020 ;SikKicnez el
Hy dr acitsi ntiraanisp iuceamnsgenic cel |l tracking
Hy dr a ontRiNMAi e x pressi on studies can be perf
forms softui mybridecaeladii idmseH(r iSH)g;n a l ampl i f |
exchange r eac,tainadn Hy®ABHKR)sati on Chain Re:

(Sal-Baasgsedr a, Febri mar sa, Krasovec, Hor
DuBuc, et al ., 2020; Curantz, wunpublishe:q
Hydr aatlismi énas the invaluable resource of

assenbKedanj o, etamad . a -@dIAIg) &t | as ( Sal ama
unpubl whadEruci al for the studying of s

mol ecul ar regul atory mechanisms, and thei

1. 3dYdr acltiifne aCycl e

Hy dr acctainniraepr oduce both s(eFxiugaulrley Skxn3d)a la s ¢

reproduction can be inducRidneltaywbyes npoet
Il i ght exposur e, the gonophores of the st
sperm or eggs I nt o t he surrounding wa't
t hearfd er |, then the newly formed embryo u
Over 24 h-bersilpiosati on (hpf), t her-embryo

pl anula with an eBgnga&8tpehdp fehadrdeya parvil €. of



movement via cilia. The planula stage i s
of the body and formation of the gastric
be induced to(MMetaamgr phoke .t, h& Owi4dl)d, met a
i's triggered i n response to biofil ms p
Pseudbar mpGas, Rischer, Westermann, & Bee
& Wagner.Thetse3parcuwsehrditaheéad t hei specaesto
speci fic substrate Heor maent.,a mb®PbHd sdact er

however, parsendt naturally in filtered s
conditions, met amorphosis iIis induced by
seawat er. During met amor phosi s, t he on

increasingly adhesive due dmd sreaermt@it.o oy s
This stickiness caugeMg ltllee @RI dreulta ,t Mes a
the CnidariTah e 2c0e0l2l)s of the anterior cap
ar e removed Vi a apoptosi s as they ar e
met amorphos{(8gi pmarv8ehmich, 1& LUeietnz ,aszU
compacted, sglagkkbedmor give kfoogwrour s - post

met amor phosis induction, the abor alf end

the primary polyp, fama whe cbr aslt oébondsofr
forms the tentacles and head of the prim
entirelyStsclsesn | gr awtnht i @monooluysp btdtl nws

i ndef.i nSexdayl maturity occurs within two
cyc(lsBBBawab, .2020)

I
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Planula
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Sexual polyp Eegzds'gg;;g}gp W

= gonozooid,
blastostyle
Figurdah®. 3.ul l IHyfde ayxd li e i &af
(M¢gller & Leitz, Metamorphosis in the
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1. 3B&dy pl an
Hydragctl nka aladrdeinpildoabd uaesigmget r ytl gy ofnor m

only an ectoder.nmMhandodrygpodesr ntomposed of
| ayer s, internaf eanddekbemasalt he epider mi
respectivel y. These | ayers sandwich the
mesogl ea, which proviAdesgcenht Ugt gecaeelrisatpp
transcriptomic data set could identify &
represent( $&ll 4 Ma2yapze,s et al .T,hewanipe bl i syheay
preseHydn acatrienitahe neur omsdeghaodyecadh s,
cont asgever aly psdwdld i t itohnea lalnyi, mal hasstaenmpopul

cesltlhieel | whi ch are the maiamds wh ijldctbeofditsh
bel.owNeurons are arranged in a neur al net
body and oper ates as a sensory l ocat ot
epitheliomuscadmatrraeti | i n (rResmtomseh,t oLaydasa
Manuel ,. NeIna)t ocytes are a cell type that
contain a capsule with a hol-l owethheadda
coiled in the inter idoerploofy mehnet cianp sruelsep, 0 nasw
Nematocytes are |l ocalised all/l over t he
ectodermal epithelial cells, but are part
and on the tentacl es. Their pri maroyn f unc

into prey and adhBesclomanm & u¥ 7 lacdlasn d2 Ocle)l
are responsible for the secretion of muc
enzymes in the gastrodeMMadl emayvi Manif wmra,d
Frohme, & Frank, 2006)

1. 3i-cde.l | s

The stemHyeéelt & atriemiken o-vel dasl i s are relatiyv
(~10m in size) and are | ocated in the i nt
cell sepndehmi s, henelel $he Itrertmhdicol ony,
a band in the adult polyps and are dispe
net wor k. hThgehy yarpamilgrfetrarty veel | s and can
stol onal net work to the adult polyps and

P



i n the( Eio onHy dir. lgt a nti ar egener ati ve abil i
the pr esealcles owhiich have been shown, as a
al | cel | types and regenerate the ani ma

reaggregated (Bradbbaw,el TBompson,ce& !l &r an

express typical st envacal, | a Anlbarinkdest © | isaurcdh, ¢
Swart z, & WeSesxuagl 2®mdlOyps have their own
germ cells aondllgammtgseate to the ger mine
polyp and differentiate into germ cell s.

gametes and give rise toerditm@rormoticlyd ese x
-cell the germ ce( DuBvwacs, detrialed, f2m20)

Feeding Polyp

N Sexual Polyp
8

y

Stolons

Fi gur e€ol .omiyde el | di stribution.

The di st rdéelults oinn od délly dnwp deeni aign iprod
polyps and a stodehdls fetwddr lareTlde sit r
the stolonal net work and are | ocated

types. Add Breadsthmavin Thompson, & Franlik

I
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1. 3AI5l.orecogni tion

Al l orecognition is defined as the abil ity
ot her members of the same species. It is
potenti al Il ntrusions of foreign entities

cell s ramaiern ednt Al l orecognition has be
pl ant s, amoebace dBénamenbbbkat eeti aal ., :
Urbanowski , & Greenberg, 2008; Ber.gel son
Il n mammal s, the process is mediated by

peptides on the exterior odeldesndrlifti dee

foreign, i mmune cell activation occurs a
(Boardman, Jacob, Smyth, .Lombardi, & Lecl
Sedentary invertebrates, such as ascidia
proximity in clusters. This settl ement P

| arvaes propearegittl ye md rotr @eam hard Ssubstra

ecol ogical tralggee sor( cmaatl ériineal bi ofil ms)
settl ement and coloni al gr owMmehl | eemr & dien
Met amorphosis in thEhiCanigdatrt aememt0o2patt e
probabilitcyoneopeciidtier i nteractions. The

i nteractions depends sol ely on t he hi s

participating.

| hacbul tHyeémdactt heaal |l orecognition system
avodtdem cel | parasitism and facilitate co¢
of gastropodi sbeekldtsdyadda ctwohnigahl vy pol ymor j

genesl,abhdl,r2are the determinants governi:

bet ween two individuals that (lBave, eet alall
2012; Mokady & nBushse, widdé ) here are at | e
determinants i n t he al (Rodc v btwieorma, p
GonzaMuefzoz, & CadBhipdlend®gpaebe broken dow
3 distinct consequences: fusiié&mguteans B
(Powell , etl &l two206Ddpely related indivioc
and make stolonal contact, they undergo f

di ssolution of the periderm of the stol

I
_|



ectodermal epithelial <cells. The epithel
form a unified gastrovascular system. Mi
animal from this point is considered a c|
nat ur ealgfe ntelse fusion is an extensively r e
I's restricted to only very close relatiyv
their genetic |lineage. When both indivioc
ei tdléemci , rejection occurs. This is char
cel l adherence, di stinct swelling of ti
cnidocytes to the point of contact. These
thread | i ke xhanr pionotnos tohfe tfoor ei gn ani mal ,
and destruction of the tissue. Mostly, tI
a close by the demise of one of the ind
extend its stolons i nltlo stphaec enewlny tvhaec ad \
i ndividuals sharing an allele at one | oc

Aband of necrotic tissue formgLakkitshe
Del |l aporta, .& MBausshi R2ar0s8)i s formed and b
actively grow away from each other in th
necr ¢8li sotr.a, 2022)

The all orecognibtei cex peyslitreymetradgieyd ef fect i v
met hoglr @fft i ng beft weiesisgwesneti cal |l.yTr hdisf fi sr e |
done for many possible scenari os. First
transgenic cells into a wild tyaord atno mal
assess their contri BSwetciommdItyog the hamsi mdls
rescue expermmeans &whemal svctane biemmiegrcauteio

of «moamant cells into thess 0of sTshua dtliyvgs bry
grafting di fferent sections of ti ssue w
mani pu( buRwWdc, et al ., 2020)

I
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Figure 1.5. I nteractions bet wieeononrhga

i ndividual &lHhapledt yome s .

( ARBejection between twoalbrapboigpes haCtC
damage resulting from the rejection
(B)Fusi on bet ween t wo col onailersaptlt bt
(CFusi on bet ween t wo col oniealrthlaap
(Dh)ransitory Fusion between two col on

alhrapl otype. Band of necrosis present

Adapt ed Lfark&km s, Dell aporta, & Buss, 2
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1. Ai ms Of The Project

l has been well ecsetl al bsly disria eptll iatyh aat cir uci al
regenenatiiessue homeostasis. Previous wor
popul acelclasn gi vealti cel Hgydyadevigiihaer, Teo,
Frank, Toti potent mi gr atory. Hotweerwec el Itshe
devel opment al potcendtli dyekdefa na sgHiwgib e i
potentitaimsiciydand pl amabeemsdescri bed but
this point r e maH ynderda clot @i tichimi cavaml ghilooadn ¢ h e
embrmystage. Additionally, the devel opment

Hy dr a cdhtaisniyaet to be investigated.
I n this thesis | aimto:

1.Study the <cellul ar pHyod ri & cetmérriyaoe i belcaV
during devel opment and metamorphosi s.

2.1l dentify the devel-oglmélsgtdiarhcponhenti al of
3.1dentify the potent ha la oodf isnovneasttiicg acteel It h

i ndex of epiHyHealaicali ndel | s i n

ON



Chapt:édma2 ysi scelolfs
during embryoni c
and metamorphosi s



2. 1ntroduction

The fusion of a male and female gamet e,
cruci al stage in an organismos developm
gametes fuse to makEBvaryoar pdd ®Intt cogmtod iet
s ame DNA aceltlhezylgot e from which it de
devel opment is wunidirectional, with embr:
they progress through devel opment al st
i ntroduced Cwingwal IWadly ngt on. He propose
represented as a ball at the top of hildl
slope. As it rolls down the hill, fewer |
devel opment al potential. Waddi ngton bel.i
change a®rybel eme(sSWgpddiemgtyo n, 1942, Shi ,
Chen, Chen,. & Li, 2020)

I n mammal s, cell fate commitment i s a pet
i nner celelorgmass zes into the multipotent
endodegmam | dyeraseg gastrul ation. Once t
pluripotency has ended in mammals and wi
I nduced datwntiiffrioclimal hwymans, di fferentiati o
irreversible, but recent work has highlig
of terminally differentianesed o€Kuspbayca
Lal | i, Kr amann, Kobayashi, & Humphreys,
Il n contrast, cEdanrel eyn, ddo I laars, Mc Ma hon, K
2028mnd pl atyHheNaminretr he dVan g, &h Red-ldbefmpe 20
pl uripotent stem cell s. | t Haylds ca cthhaasiti b e e |
somatic cedlilfsf eceemtdet-ei ko (Sdtadiba@ameedl b,
Febri mar sa, Krasovec, Hor Ehowi &g Bakavani
potentially 6go back wup the hilld toward

(Lokken & Ralston, 2016)

0] 0)



I n thislchapest)jgate at what-celthgecah Bbe¢
Il denti fiexd.milneat hef er at i omeldlysmnadnircisng ft he

devel opmental stages of embryogenesis an:

on



2. Materials and Met hods

2. 2AM1i. mall Cul ture

2. 2.Anilmal Car e

Stable clones ofHyteamymbmn® | o e reea dupsuesd

as the model for the following studies. |
mi croscope sl idéeB866I4Baindo fmads mera:i ned at a
of Clt8 CG2n artificial seawater. The ani mal

five ti mesAmt aneeeukp IWiiit.h The artemia was pr
aer abwmifAon emi a franstisclidd bSypsteanm)p,ewii tah
rigorous bubbling for 48 hours wuntil t he
using an epifluorescence stereo microsco
and cleaned and trimmed every fortnight
al gae.

2.2.89p&wning of Ani mal s

To ensure regular spawning, a 14:10 |light
an automatic ti mer. Upon exposure to |
approximately 90 minutes. Gametes are re

The resulting embayesoksethéespawhnhheg tub

female ani mals were then removed,  eavin
gathered in the centre of the tub by swi
thewm!| | eci ad) a Pasteur pipette ba&ndsmgldadaed
experiment s. Before use, the embryos wer
seawater. For particul ar experiments the
del ayed by keeping the embryos on ice f ol
The resul tsi nmge reemhbirhyeon Cuwn ttiulr eds ead . 18

OoP



2. 2.Met3amor phosi s

Two to four days post fertilization, I ar
580 mM CsCl and Seawater resulting in a
in artifidiMglll eawdtidrze, -NEmnckeh,or 5The)& M
| arvae were incubated for between two an

were assessed using a stereomicroscope

mor phol ogy. Once the | arvae weredrcomtrac
shape, they weor ea tgrlaansssf esrlriedde ti n a smal |
all owed to settle for 24 to 48 hours at F
into primary polyps and were placed in a

aeration to prevent t he enceowliyn ga tdteat cahcehde dp
the glass slide.

2.2 .9t.é4ging of Embryos

Podtertilizati on, embryos were observed i
stereomicroscope, il luminated by a goose
of cells in an embryo were discerned up
stages of intepesatwdrtromenhhe ot her embr
fixation. The samples were handled caref
to the tissue. Typically, embryonic cell s
stages.

2. 2Ce&l 1l ul ar Staining

2. 2.RPr.elparation and Fixation of Embryos

Met amor phosed | arvae were fafrogt 1&n am sntult e
The samples stolonal growth was then pust
ti ssue damage. This was done until t he €
detached from its substrate. Embryos wer

seawater namwédshéde quickdayg ebL-mysdtOei md n Mer (

A7250) i n artificial sea water to remove

0z



exterior of the embryo. The embryo was t/|
water (FSW) and i ncubated for ei ther 1
overnightC.(ON) at 4

2. 2.12mm@unofl uorescence (I F) for Embryos/ L

Podti xathenti ssue was washed three-times
100 (PBBOM nfudres per wash. The tissue was
storage by fi vel mudrmeaacm ewgansthreast iionns of et h
(25%, 50%, 75% andat®A®B) faonmd futrdrher usag
was Trehydr amiemutbey wa sdheecsr ewasdiincge nt r ati ons
et hanol in PBST (75%, 50% andloefi5h)t eand
washes in PBST. Antigen retrieval was ¢cCz¢
2M HC in PBS for 45 minutes. Themirrewtcég i on
i ncubati oM T-HCROPH8 followednbiyettwasbe$.i

PBST. Embryos had an additional i ncubat.i
mi nutes followed by fixation in 4% PFA i
tissue integrity. The tRARB3T et hwaese tthieme swe
mi nut es. The tissue was subsequently bl c

in PBST. The blocking solutiomlwds omep@ina.
the primary andli.mody r (©Eakbedde odvAeCr.n iTghhet ant |
sol uwsonemoved, and the tissue is washed
The twsswd ocked using 5% goat serum/ 3%
mi nutes. The bwackheg seplubced with fres
and the secondar2y.)2aandbiodguldabtefor one
wa foll owed by three ten mi nut e PBST w
i ncubated in a 1 in 10000dmiwuites, of oDAB
three mifmnwtee PBST washeswea Thbenampluested
thiodiethanokgbasssiskrobdesp A clayfooted
on top and sealedThesi slhgi cheas | werod i s hsual
confocal | aser scanning micr-ssaopei MOY g m

were obtained through the entire sampl e.

oT



Tab?2eDetailed |ist of primary antib

Primary AntiHost SpSource Dil ut
AnPi wi 1l Rabbit I n house 1: 200
An8r dU Rat Abcaami 6326 1: 300
Tab2e2 Detailed |Iist of secondary e

experiments.

Secondary AnHost Sp/Source Dil ut
AnRabbit AF Goat Abcam: abl1:500
AnRabbit AF Goat Abcaati1500 1: 500
AnRabbit AF Goat Abcaati1500 1: 500
AnRat AF 48¢tGoat Abcaam11501 1: 500
AnRat AF 59<¢Goat Abcaamn1501 1: 500

2.2 .BrrdBU I ncubation

Ani mal s wer e prmhMcRrdomandeo xlysuor i di ne ( Br d U’
for amitmutre yi ncubation. The eBnodddndd otl luea i o
samples were platedrehad %t MgCkampl e bef
fi xaSeicarR o@.)2.alhd | FSeetmicomn2ugdi 2gRtde ant |
primary antiadob&dd2q Abcam:

2. 2Mi3cr oscopy, | mage Preparation an
Confocal mi croscopy was carried out usi
scanning confocal mi croscope. | mages wer ¢

Fogarly embryonic stages (1C to 128C) the
were counkdydi ski manual |l ypousnitn gt otohle pmuelstein
|l mageJ s(oSdahwmiamdckel in, Eor at he R&OUR)embryog

and metamorphosed samples BrdU+ nucl el a

oy



separately using the 3D objectgBobtuet &r
Cordel i ®red, thoe@6hold was set per sampl e
a single object. Piwil+/BrdU+ <cell-s were
poi nt t ool and deducted from total Pi wi
number of PRawdlRiBrdiu+ cel |l s.

oo



2. 3. Resul ts

2. 3Pilwi 1 plrooctaeliinsati on during early

Previso wshiaesvse s hown the effecti ve -cueslel sof F
using a-medset amti b&dy i(nFFHsgdiao ke tDiuBiua , et al
2020; SSaalaivreadsr a , Febri mar s a, Kr asovec, Ho

Chrysostomou, et al ., 2022)

Fi gu2lePi wi 1 | F i KWy dma casdyumbta ol o n gfi eeadi
pol yp.

A)Maxmupr oj ecti on of an-caedulst |pooclaytpe dwi

column (green) and the nucl ei (bl ue).
B)Zooimn of itrmeprmgxcti on of the | ower

Scale 6mr 20
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Figwkrecell s are first -cvalsli bdmbraytonihce <

(A &mBaell ancde 1116 /s3t2age embryo shows n

(CHirst appeagglalncei ofaelthetd3ge64n th

embryo.

(DERThere was an incredseséehbsnwmbkreatt
Scale ®mr WWite continuous |line denot ¢
the white dotted | ine derioekb thestel

mar ked with bl ue.

I wanted heoRingiel anti body to visualize pt
early embryogenesis and to asteealtlas nf iwrhse
appear. I performed i mmunofl uor2sZ)yeht2 ex
on embryos at the 1, 16,e32/ 64 a9g@4/ 1N® amr
Piwil | ocalisationce&ahbk-ceedde6Gwangp | ets.t He gh
Piwil expression was first-cedetiectadebanwae
present ef droldlolwi ihigg bsrjea gd.92 (asl | whsearmgp | Rei wi 1

cells were found, they were |l ocated in tbh
Typicall y*'cettHhes Riewiel found in clusters in
the-c22!| BheagkF experiments were carried

number Oo0¢elPli svi were counted per sampl e anc
the iniitiedll 32/a@4, zeoc®ol Itso wervee iPdewtli f |
proceeding stages, al | sampl sesahddt hameu
appeared to typiweealnl yt hdco ud2 /e6cdb ktl h rsotuagghe sz
Sever al ofcetlHe sa2pd e s*chedd snoatPiawill but t
that didndt have any were t ypeildalrlayt hcelro st
64celilguyaFe3 Thi s aligns with recent resea
genome activation c¢ommelnlc est aage unfd d rmber y6G
Hy dr acstyinthiiaol ongAyar pusNi cotr a, & Lee, 20
al ., AMO2 3X)i omplplew,r atnfcee o f *cred |l tsi plte ¢ fiewi312 /

stage indicates a possible induction to

=
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1C 8C Ci32C  32CIE4C  B4CHM28C 128CI256C 256CH
Embryonlc Cell State

Fiwi1+ Cells

[ige]

T

12C

Fi glr®umbers otePl wi pber embryonic st

Piwpadsitive cells wereceblnséedgpepel Nst
(N=16) ,cell6l/ 32t age {cN+23)st 63,2/ 6(4Vel22 8
(N9)2, 128/ 256C ( N=9), PpaubrhpSole2 O e(pNr=els e
embr yos paetc ia eEEx psetrai ment s wer e conduct
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2. 3i-czel | proliferative activity dur
and metamor phosi s

The thymidi-meo@@&loxyus3d dine (BrdU) is ini
DNA of dividing -pchealsles odurtihneg ctenlel Sycl e.
then be detected by i mmunohi st o2.h2e)nf.s2t ry
(Mead & Lefebvre, 2014)

Piwicklls are a proliferative population
column of the feeding polyp to the point
of as little as-ctehilrst yp hmitBEtg2By4de Wewer ,
previous studies have not anacdeylzlesd dunrei np
early embryogenesi s( Boradméaamo rTfhloanpiso n,
201.5)

A B BrdU BrdU / / DNA

Figu2.ed Piwil (yellow) -andi Birmdd) drntear

i ncubation in BrdU.

A)Cartoon denoting the area of the fe

B)The i magei msmraojneacxt i on of the | owe
feeding polyp.cAFtewphpbbat St o i

Scale 6mr 20
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For this reason, | performed BrdU i mmunot
activeceylefin the main stages of early d

trends in -pbhbse Bpetrliefhed an overall cel
and Piwil positive cells, which wil/l be
-cell s are identified by their Piwil expr

by their | ack of Piwil staining. Wi th th
no ot her cdHeldlr atcetpmrieesnses Piwi l. A BrdU a
(Secti @n2.t3. i dent i f-pyh acseel.l-cs& hiens itwheer eS 1 den
specifically by their Piwil | ocalisation.
-cells by immunofluorescent staining and
Embryos were stadgédcak.oded.casipeei fic ti me
These stages were early embryo (6 HPF),

HPF) and planula (48 HPF). The sampl es w
BrdU to prevent car-miyt otvviee prHodemel Tle ps

t heinxefd (as ReR.)Qeadntdi ounnder went i mmunohi s
per Se&ct2i.)@n All samples were incubated wi
Brdd&Jel |l s that served as a positive contro
usi ng alonnfiioccr oscopy 2( &s)2pas8r.d Ssetcatcikosn of i me
taken, presented as eithe&r S5siamgl dogluiree 2

max mupnr oj e crtiigounrse (Appendi x 1 )& Hingutrhee AGp pF
sampl e, mostcelelld sanfdosdmat i*¢ Fc g2uhF) wer
This was expected f(rPlm cak eprrte,v i Koruosi hsetru, d y&
I n the 12 HPF Z.8npl e heFegamppeared to be
BrdU | abelled cells than in the 6 HPF bt
|l abel | ed. At 223 HMPE, BrHiUguraebel | i ng of ¢
reduced bawel IBsr dWwere found in both the ent
of the prepl daoel hs ThetBed¥&ndoderm consi

andceil | s. *cheel IBsr dlh t he ectoderm were onl )
Piwil staining."cdosts oMPH hea Bpldd2 .IDFi gur e
were in the endoderm at the or al end of

Piwcell s.

np



12HPF

24HPF

48HPF

Figur.eBrdU incorporation after 30 min

embryogenesi s stages.

(MMt 6 HPF most *cells are BrduU

( BAt 12 HPF many of ‘*tamhd ¢dlel shape B
el ongated.

(CAt 24 HPF, the now'dalrlva dracast taerf edv &
and the ectoder m.

( DAt 48 HPF, the body plan has f*wlelly s
restricted to the gastroder mal ar ea.
Scale Omr HPF= Hbarsi pbbsation. DNA in
DAPI (grey’c.elAlsl aRiewillocated in the &€

conf ocal slices.
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At the 48 HPF stage, the planula can the
a primary polyp as2.dz2sktTHBdedamml|l écarienin
CsCl for three hmarphdoi $ naluad et menn i ncube
30 minutes prior to fixation. The sampl e
the same glass dish with mini mal movemer
Ssubsequent fixation was complete. oThis w
stolons during the BrdU incubatilen.e, I ns
met amor phosed samples were gently prised

point .

I n the 3 hours post met a mo 2 pAdo,s i tsh*e HBEPrMJ U

cells were exclusively in the endoderm
BrdwWwas noticeably | ower tham®.D9h.e M8 oHP R h
-cell s began migrating daoatoard etrhne. e nldmo dtelr en
sampl ecethe had migrated fully to the ec

al so had®*mel IBsr d@UBG) gurTehe absence of Brdu
representative of the stage and not a tec
2 .E6 . This result was initially unexpect e
this stage of metamorphosis, théSkeappae |

Schmich, & ,Leiitt zi,s 2r0Oec0als)onabl e to assume t

removal of cells is taking place, there v
cel(lAsl enzi.ln20hbhdé) 48 mpIFFM g2u.Cee the ani mal s
extended its stolons and floersnse dh eaa dr. u dAit m
stage, ceentrcyycwaes roebserved, primarily in
the mowmi ng primary polyp from which the
probtfen was primaril y‘cienl|l ar eaaad a@afboskingh f
stolonal tips.2/86 ,24 hePFK a(nfpilgeuries consi de
as it has grown tentacles and hasast he c:
observed I ns htalpe d bame a t owar ds t he |l ow
reminiscent of adult feeding polyps, but
densely scattered, towards the head.

nT



DNA BrdU /BrdU

3HPM

12HPM

18HPM

24HPM
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FiguZ.e®rdU i ncorporation after 30 mi

met amor phosis stages.

(At 3 HPM, the | arva condenses into
of BrdUIls are reduced.

(BAt 12 HPM, the |l arva habti kendbaped
are BrduU

(CAt 18 HPM, the early stagestanfd £t al

ar e | ocated i n a ring around t he
(DAt 24 HPM, the tentacles of the pri|
and Piwells still remains around

(E)he 12( H®&Ml ow circle) was incubated
30 minutes to act as a positive cont
BrdU incorporation and detection. The
12 HPM sample did not.

Scale bar 100m. HPM = Hours post met a
with DAPI (grey). All i mages are sing

The embryonic and metamorphosis stages w
Br d/U Pi/wWiiwiell s were counted aXx. 2de¥®rcei bec
l i mitation off htathe sdfukdwjaisyNersot eeraogtgd i ve

count single DAPI stained herestWwerne wtidad
numerous to count mansual®Ryé&dppewdamrd 1 Fi
Appendpirxovzi de a vi sual representation of
somatic cel |l s i n*scoommgptairci scoenl Itso. Br d U

BrdWbomatic ceddlsl sanwer e compared per €
met amorphic stage as a "geddesntPdhgEhweosfe t o
counts were on three biological replicat
three technical replicates were perfor me
embryonicl nsttahgee. 6 HPF and 12 HPF stage:s
constituted an aver'xgeged |l acf widathl gfhreaki n@r d
remaiavenrgage of 3%. There was not much Ve
t hesttagpessbd standard deviation across the
6HPF sample tamE2 1HBF fgdamptitee 24 HPF samp

average percesbmgéeiacfcBtdlY decreased to ¢

noeo



percentagéicefl | Brdubwcreased to 9%. At t he
average percepstoange ief ceddd had decreased
t he proportheaod torfi pBlreddU t o 3 @%. dehlvied opmewm:
progresses, proliferative somati-celcles | s

i ncrease. This wasngxembtedgensesds, to pr
with the correct amount and composition

di fferemsti &@tsisomi ghtAlsy ecndstysgphed mrad e s,

of proliferation drops due to the differ
t heh ows ( BMdtmons e& Pujades, 2021) .

At 3 HPM, t he p'rsoopnoarttiico nceedfll IsBradnedt ir ned b
their levels at the 12 HPF stages. It is
hours after the | arvae had reached 48 HPI
met amorphosis i nductione2 A6 WwWhe olbeerVvabl
of BrdU | abelling in the sample was | owe
HPM, there was no BrdU | abeliciemndg .ofHoavrew ea
the BrdU | abell i Bg HPIMJd sraentpuren iThhet lme el ag
of Bsodhat i c cell s wael B85 %wassudr5pbatses iing t h

somatic cells for the first time, with t
80% of &adeél IBy.dUAt 24 HPM}p rtohpeo ratvieorna goef Bsrc
cells was 36% andptlio@ oa tceeolalgse fvBaisd U6 4 %. | r

HPM sampl-esel | shkbad a higher | evel of Brdl

cel |l s.

PM



Proliferation during Embryogenesis and Metamorphosis

100 T

B Somatic Cells
Oi-cells

80 +

[42]
o
1

BrdU+ Cells (%)
o bomof1—oooo

B
S

20 1+

E6HPF 12HPF 24HPF 48HPF 3HPM 12HPM 18HPM 24HPM
Embryonic State

Figkr &nal ysis of proliferation during

-cel | s (white) and somatic cell s (bl a
percentage ofcetltdtsalpeBr dsUampl e. The b a
percent agécelfl sBrardJd t he dots represent

stages/ cel | types. There were 3 sampl
replicates, amounting to 9 samples per
deviation of &@ahpoimdsvi dual dat

I al so analysed PiwBitgboporPliBodeédbt s per
embryoni ¢ Fsgadge deter mPhne&dBrtdhe manually
countingePilwi {as 2pe2. 3vdtconnting whet he
BrdU | abelled nuclei. This was possible

Piwceélls you could count in a sample was

I n the 6 HPF sampl-eel lasd mogtve aBid d@dr t he@mp
having mnoeBrsdU I n samples 12 HR&EmMmbhefd 24 |
Brdidel |l s increase with each stageehbsthe
decrease. *alnhde BBredellUl s are both roughly eql
the 48 HPF stage. However, once metamorop
sampl e, an averzgel sf apd WBiBipdUnumber i s
increased in the 12 HPM -sahjpbke Bwhidir e1 8 00
PN



HPM and 24 HPM, an averagelbofs arediBdd&IOY
overall S h oweed |tsh adti dt hneoti become the pri

type till 18 HPM when the primary polyp

Proliferationof i-cells during Embryogenesis and Metamorphosis

100 -+ © B Piwi1l+/BrdU-
] OPiwi1+/BrdU+
¢ 8
80 T 3
o
€
w 60 +
©
&)
]
c
=]
g2
g 40 1
o
o
20 1
i
o L I -
6HPF 12HPF 24HPF 48HPF 3HPM 12HPM 18HPM 24HPM
Embryonic State
Figu2.eBAnal ysi s elolf proliferation dur i

met amor phosi s.

Br d/UPi*wWiwlhi t e) “/amidwiBf dtdk) were plottec
a percent ageelolfs tmaral sdampl e. The b a
percentage of cells and the dots repr
There were 3 samples per feplreptl ecwat
to 9 samples per embryonic state. Th
i ndividual data points.

U
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2. HDiscussion and Summary of Re

Using | F, I haeél shodefthed by containin
protein, first -apbkastagetbok 8b6Yogenes
than on'eceRilwiwlas identified. This could

i nduction of more than wccmrél emlat wonioa cen

i nduction, followed by proliferation.
The analysis of proliferation kinetics
previous studies that the cells prolife
embryogenesis (cell -69cmenubéergthong)abaut
and become asyrmetyr opnroougsr essetd towards th
(Kraus, et al ., 2014; .Ch rHoswesitaocnko up,f eBr dal
Il ncorporation by cells at 12 HPM Isitcakgeer ti,s
Kroi her, & Mhadk ,i nYe@88) gated Brdu Il nca
met amor phddyids adéenc mii msantda reported an i nc
met amorphosis from 10 HPM. 't must be nof

times for this analysis were two hours |

used in my study. This would have resultc¢
the Plickert et al. (1988) study, expl ail
mi ne.

PO



Preambl e t o Ch ¢
St atement o f Cont

This chapter consists of work published i
OPl uri potentccompgetemntcebtul t stem <cells
regenerative ability and cl onal growt ho
with the following contributions. Cine V:

study. Cine Varley perfatmddoekpewi ment &
Mc Ma hon perfor med EdU/ BrdU experiments.
Krasovec performed aggregate experiments
Varl ey performed spectral flow cytometry.

Ur i Frank weote the pa
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3. 1hstAr act

I n most ani mal s, pl uripotency is irreve
stage, all embryonic cells have already
|l i neages (ectoder m, endoder m, or mesoder
pl u

(corals and jellyfish) are an early bran
age

Her e, we show t hat adulitdagtiemr accetlilnsi a

ri potentl tcdlilffe imayadwe | inked to orga

, but the developmental potential of 1

symbi ol on(gk ccawnre easl si) are pluripotent. We
-cell s from transgenic-tiylpeoreseceontndenams
them in vivo in the transl-cuelehs ea@livimdl s .
and contributed teocs alnld sgoameettiec -k iosdeuacg g o
with and eventually displacing the allog
functional, sexually competent i sfcilVi.dua
Pl ur i p-oe kehrsa bil e regendrn &ktei veel,on@llangr owt h

ani mal s.

Pz



3.

=

ge
an

p |

ltroducti on

uri potency, the ability of a cell to d
rm c(eHalnsna, Saha, & iJsaeni ssctdd, tne 2 rixdha)t

i nailss restrict-gdstoukatign pmébryos. I n
uri potent -realelws inadrefsal ftely while mair

(Yil maz & Ben.wPeonsitstgast2roull9a)t i on and thro

mo
ce
Lo
st

ev

Kn
p
c a
fr
Ab
st
i n
t h
cCo
re
Wi
Re
( k
ge
| a
C.

Bo
t h
Hy
fr

st animals renew their tisseesraotiedegt
I collectively knoRwmkaesi chssuendd.w
ngaker, & Weissman, 2T0hlel ;I iKmiatgdd ,a beitl iatl
em cel lrgntew sabbfes most animals to d
e

ntually die.

own exceptions to this rule are clonal

anarians. Some of these animals show |
n regenerate whol e bodi es, i ncluding
agmekhan & Newmar k, 2022; |l ssigoni s, e
oobaker, 2017 . WeMalt udihed, cL®88) ani mal s
em cell s, but t hedlrl prrespcelrutiiecsn ahtawea ngn

t wo daomiemapllsanari an and one c¢cnidari an.
e pl Scami an ea md Kintoavmr aarseaneobl| asts) we
ntribute to al/|l somatic | ineages. Ho w
mai ns uncertainceldi veexnp etrh arte ng isn gMee e 0
th an asexual stZang, oét thl s, spetdesWa
ddi en,By2Chin)t r ast, st em Hoyedlrlas mang nti hpea pa n

nownceasl si) can give rise to cells of t|
rm cells, but apparently not to the t w
tter consti-tanewidn ¢ (lSnredegesse | £t al ., 2
E. . et al ., 2013; Bode H. R. , 1996; B «
tSck hmi dohdpwdamae cl onal yet solitary ani me

e devel opmentcaell |pso tienn tti hadf ocolfwi nhagl , ¢ nci odl aor!

dr actyimbii @ | on(ghicgduypeu sUsi ngesilnglranispl ant

om transgenic flubypeceprpti dbobeots, t we wf
PT



cell s are pluripotent. Under -phBYyEi aclamgi
di fferentiate into all/l somatic cell type
embr y-bhke, pluripotent cells throughout

grow i ndeaf ipntiatrieté yf ashi on.

Q —Ea

Feeding
Polyp

Sexual

Oral Pole

Tentacle

Body Column 1

Gﬁl

&

Nematocyte

ip-—ial

Neuron | " Gastrodermis Epidermis
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FigurdyJrhcdaolnormy and body wall struc

(AJA colony is composed of feeding and
i nterconnects them.

B)Sexual polyps are structured as a
equi pped with rudi-areelnltsar g o mmeintt ac o e g €
germinal zone. They then migrate and
sporosacs.

(C)Feeding polyps are structured as a
tentacles, used to catch prey, arounc
(D)The body wall s of feeding and s e

epitheliomuscul ar |l ayer s, sandwi chien
mesogl ea. Ot her celll types, such as-
cells, are |l odged in the interstitial
em.

P®



3. Blat er i aMest haondds

3. 3ArMi.mal culstturae nand
Ani mal cugdrufrer meads as per Section 2.2.1.
The foll owing ani mal str-a0Onss (al wnkd)twp

clone 107 and 123 are Piwil:: GFP reporter

cells and germ cétubpuyl i02: ImScar Ineatl er epor
mScarl et in aldedelslslO0O&xcaspf eimat ei, doubl
expressing GERR Ienlayndi mgeirm cel |l s, and mSc
celAnsi.mal s used are described in Table 3.

3. 3M&2ni pul ation of Polyps
Hy dr acactoilmina es wer e pifaccrendil @unt eds% thMg Gine st
the ani mal and | imit movement . | ndi vi due

extracted from the colony by cutptoilnygp,hor |

closest to the stolon. The cut pol-yps we
settling of col oni es, a stolon with a s
colony. It was then placed on a new sli

resumed growt metwo clmé oome a

3.3P&8l.yp and Stolon I mmunofl uoresce
For i mmunofl uorescence of Hydlrymgoil wiintahe se x 1

were placedzfiommil¥®uMeGl to anaesthetize t h

feeding polyps were cut and placed into a
for9days and fed every day until they had
used I n i mmunofluorescence experiments.

2 M



3. 3l.dmunofl uorescence
Il mmunofl uorescence (I F) was peirnf osreretdi oans
2. 2.MARnt2i,.bodies wutilised are outlined in T

3. 3Tib5ssue dissociation

Adul t pol yps wer e I-anncduabgant eesfli ruenen  scead wa tuenr
(CMFSW) miomutBed at RT while rocking. The
and replacetl WitherR®®d seawat er (FSW). T

i mmedi ately dissociated by @ rmena chige tthretm |
cl umpopekiagaed. The cell suspensionemwas th
and them fai BDer .

3. 3Géner ati omgeprfegatlds
To generate cell aggregates, a filltered ¢
PCR tube and centri froigredt east uwBnOtOi Ix cge |Iflosr

and aggregates formed. The aggregates we]
PCR tube and eplracedd sihn od p-SW, pl aced on
5days until a new polyp regenerated fron

from a minimum number of 25 adult pol yp:
aggregate that could regenermaeryacel hgl ar

|l ost in the process.

3.3Si7Tngl e Cell Transplantation Vi a
The donor ani melt ub®i wnil: m&ERr | et ; f emal
recipient ani mal Q@) dvetgpesemal ed26mh sl
proximity to one another. They were all ov
established. Tlhe rsd il pinesntwewiel d btsyer ved u
stereomicroscopy-ceobdl $omigwasingl érom t he
reci pient stol on. Once this event occur
containing acsel hgwaesdooborawapnef soml ohe M

of the recipient tissue was also removed

2N



pi ece of stol on was cul tured and mo n i
stereomicroscope to observe the -cperlolgeny
|l mages were taken regularly to observe t
sinegleel libs pr ogenyhmelmt emfs utrhee echanar cel | ¢

sections of wild type tissue were period,]

3. 3LIBve Microscopy and | mage anal ys
Live animals were stainemi wuté&s Hoared hwer &
pl aced z2tm M@pECIst heti ze the animals to | im
pl aced on a slide and covered with a covi
a confocal mi croscope (Ol ympus FV3000) w

60x to identify celd ftlypesedbyemoorphot @igry

3.BEdU Staining

EdU staining was ciaTrkEed Aluéexai EFlhudcid i 5%&4
(Invitroga@mMMQO@tFika.ti on of ani mals was
PFA/ PBS niionrut3®® at RT. Samples were wash
Triton (PBOMixnut ear I0e PBSTx solution

replaced with 3% BSA, 0.5% PBSTx -<isTol ut i o
reangtes were prepared in accordance with t

BSA solution was removedcdandnt ke c&Itiad K W

ti ssue and i ncubated for 1 hour i n the
removed, and theatedsua W& s BSAEcOb5% PBS
mi nutes for five ti mes. Standard DNA | ab

then carried out as per their respective

3.3.BrdU Staining
BrdU staining was performed as per Secti

M
Il


https://www.ncbi.nlm.nih.gov/nuccore/C10339

3.3 F1 ow Cytometry

Whol e feeding polyp tissue csampWes powerye
as per di ssociation protocol. Nucl ear S
suspensions was perfor medg/b®o eicnhcsutb a3 3 dM2
(Sigma Cat #mdé86533a) ROIr 20

A Cytek North86@0 Lspgbatsr &NIL fl ow cytomet
calibrated and quality controlled per mar
anal ysis was performed using Cytekds Spe
signatures werer obnhati aedetbtoamdff or Hoechs
cells (Clone 291), from the single trans
and from sindghabutamsgedicar | et polyps (
spectr al unmi xing and subt r rlacwiimg tolfi sau
Hoec-hstained controls were anal ysed. Sing
based on-sHomemhsntg (positive vs negative f
and sizH Y(&§SASC Subsequentl vy, single poc:
( GF)P, mScarl ey, (emSdadloeitbl e positive cell
mScarl et *) ( dweubel egat ed as SsubpopuVvations
mScatilrkett he single stained control s. Hoe
(clone 106) -sarmad nteade atexti pi emd| yssaenp | leass avee r
this gating strategy and the proportion

mScatdretdégdbtt € was obtained. For the pur
data, all plots show down sampled data ba
cell s. To account for background the pr
combined gate in the Hoeehbtradtlald ypeon
samples and control s. The proportion of
samples were then normbailosedf agal hsti n htet
gate in double transgenic donor (clone 1C
to be 100% fluorescent transgenic) . Thi
fluorescent transgenic cells per sampl e
domo (cl one 106) and t-hG®) .r elch @9 e npge r(acd mwtna
then plotted wusing ggplot2 in R, with t
shown.

20



3. 2 Quantification and statistical

FI ow cytometry data analysis was perforn

FI owJo. Pl ots were made using ggplot2 in
TabB.el. Det airleeadg elnitsst aonfd r esour ces
Reagent or RJSource | dent i fi

Anti bodi es
An8Br diU i rgL)500 |Si gma CAT~B5002

Gui nea Pig Po|lSynaptic CAT#132005
GFR 1 iwrgL)Y500

Rabbit PAah¥t wo]l fmouse DuBuc et 3
i n 200

Chicken Pol yel]Synaptic CAT#4090064
mScar l(dt i n ¢

Rabbit PolRtb@ayGunter PI]NA
(1 iwrL)Y500

Deposited dat a

leigShare 10. 6084/ mY
e. 222321773

Raw Data for

Experi ment al model s: Organi sms/ str

Wi | d Hiyydprea dql n house 29-10

symbi ol onngailcear {

Trans Hgira ctliom|]( DuBuc, 106
Piwilbt@BRIin:|2020)
f emal e

2 I


https://doi.org/10.6084/m9.figshare.22232173
https://doi.org/10.6084/m9.figshare.22232173

Trans Hgdira ctl iom

b-t ubul i n: : mScan

Trans Hgdira ctl iom
Piwil:: GFP;

( DuBuc,
2020)

( DuBuc,

fed2020)

102

197, 123

Software and al

gorithms

|l mage J

SpectroFl o

| magej . ne

cytekbi o.

Ver si on

Ver si on

2.

3.

2P




3. Resul t s

3. 4iclel Il s and their proliferative a
Hydr addc¢elnlisaa first appear | odged in the ir
endoder m, |l i ke i fLetherehydtoabanas’® 1dar k

bywi wPilwi 2aSwodx eX pr e s(sFiiggrur € CIBr.290st omou, e
2022)

Figure 3.2. Piwil and PRdeMil2s doubl e | ¢
Col ocalisaéelibse with Piwil (green) and
a feedi DNApadlsywi suabBtcakd bear whi 46.

After metamorphosis of the swimming | arve
attached to the substratum. 't forms col
cl onal uni t s call ed pol yps t hat ar e [

gastrovascul ar taumbEs@undgRds@angarolen & Ni
201Hydr actoil mina es grow inddfiikreit eadyghiiom
el ongating their stolons and buddi-ng new

rel ated détGahiamr atBir@am s haw, Flici, & Fran

22



Stolonal
Branch

Stolonal
Network

Figure 3. 3. Feeding polyp and stol oni

The cell-ceVytbelatks a prdqohuycedst@Ghophae
202R0t whether these cells continuously
ani mals i ncubatdeady si nhakd lhefacrl y4 1@€@®@%I| af t
|l abell ed (Fexwuemt 3fadrn aelé¢éw @amloamebl e€d po
i nterface.
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/EdU | /EdU/DNA

2 Day EdU

4 Day EdU

Figure 3.4. -€ablsciynonl pabyps.

(A)EdU incorporation in feeding pol
B)EdU incorporation afcteéd s4 hdaes gc
phase and are EdU+. Arrowel hdi Sat
Om.

By contrast, -onalnlys st emainméd i Ed WU afyrse eofeve
EdU incyglbFaguae T®. bhvestigat ec whlet enlplrs t he
can-enéeéer the cell cycle, we injured the :
to induce a regenerative response, expo
(Brdu) for 24 h, fixed th¥em, amadPvwisbapr
( ar eil | mar ker ) . -oel Ifs utnlkdatmawmeyr @ (&ngwur Br d|
3.5)These cells had beendagsi dbantatced ot ha
cel |l cycl e foll owing i njury. We e lclosnc | u
continuous| ypopywllaet,i oan stuhba t 'S more C€cOmm
cycling.
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EdU BrdU

/Brdu /EdU /DNA

/BrdU/EdU/DNA

Figure 3.5. ®Bledtwscyanl ishnglions.

AAni mals were incubated in EdU for 1
24 hours.

Blicell s that had been quiesernér édaortilh
cycle following injury are showwxcel (B¢
Scale bars 10 Om
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Because isolated polyps are WYWdSBrladabaw, t
Thompson, & FErmhaenml, 130Mh®») evi dencecetlol ssugog
are distinct from their st olsamdlenmnddlusit er
appear to be slow cycling. This is probal
renew their stinging cells, which are de
prey. The mid partscygtl-s@hbl enseswtheyredeolr

3.4TRe devel opment al pocteelnlt i al of a
At the popul ation | evele, |list praod idbeemtseho:

di fferentiate to replace disposabl e soma

( DuBuc, et al ., 2020; Bradshaw, Thompson
2010; Ml | er Teo, & Frank, 2004; . Ml oe
However, it remai-osl bactenst whet aesever al

restricted stpemulkaelplleunr ogfethée sIto addr ess t
qguestion, we aimed to transpl acmnel la isnitnog|l:
wi-tgpe recipceht. dAsnoan we used a femal e
that carries two fluor escehRitwdrrle proeernt eGF Pt;r
this reporter icse | @il yuraecnt@ ve@erinmm ciel | s b
downregul ated foll owmagi diDiuéBeurcg n teitidltailon 1

Figure -Bon6éal Csation of Piwil (red) a
reporter polyp and its stol on.
Scale bars 20 Om
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The ot her t r abra sugoadirei viesmn anScar |l et ; t his
expressed by all/l dsdperasntcadtDeudB uce | lest bau
202®Wenceel l s in this iadhd mtailf baarbeh gr eoand iyl yb
green and not +«edl!|flpvogesnyemdand ter minal |
are bright red and dim g-tete beEcobtPe BAar |
cells express Piwil::GFP bamnudul ae: it hm$ca
(FigureThey) are anatomical |l y( DueBsutcr,i cette dal
2020)

Piwi1::GFP/B-Tubulin::mScarlet double transgenic animal

somatic cells

i-cells

Brightfield 13 mScarlet Hoechst
488/528/65 (561/610/30) (405/457/45)

Figure 3. 7. Expression pattern of dor

Fl uorescent expreseildrs @matdt esmat o fc
Piwil:: GF®bwleitra doubl e report(EeDbuBaunci,m
2020)
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Our rationale was t o -dmlagnedig!| a mttyop eas wo g tde
Product s-r efewsaél fshoul d remai n green on|
di fferentiating/differentiated progeny s
fluorescence grAasumnédiypidemstsilpost ;t ywee sel
mal e cl oInCe. 2Thle t wo ani mal s ar e genet.
accepting tissue grafts from each other
opposite sexes of donor and r etciicpineanrtk eprr
t o di stingui sh bet ween donor and host

fluorescence. Thi s was Hypds sidlsli eg ebneect a ucsad
determined by (aGheXy, seytsdedn gam@22) pr odu
depends on the geretlilc pseoxgeni t ohei raihe
somatic gonadal environment. Therefore,

eggs and sperm in thM¢lvleary W.anfe. ,g 0ln%6d4 ;

Pl ickert, Frohnkydr& &sriamikhi n2i0tleld cl onal g
us to generate multiple genetically ident

bi ol ogical repeat experiments in the sami

We first agdareenpdateed dlol ogeneic mixed cell

regenerate a fully functional i ndividua
di ssoci atedcehtosaspengien by inawmbating
ma g n e sfiruene seawater. Di ssocigategat edel by
centrifugation. The resulting cell pelle
post aggregation. Addi ng -tmaprey reacn @r emte
suspension resulted in successful engr af
(Fi gur pH8w8yewhen | owering the donor cell
-<cel | s, al |l our attempts to recover t he
regenerated polyps failed, suggesting the

i's highly ineffective. plendeeetd,maodne aovfe r2abg
polyps gave rise to a single polyp, s ho
di ssociation and r-eagegdegtay ppeg navi iG@anma at
before dissociation had not resaldomdori n s

i-cel | s.

—
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Donor and wild type chimera

Brightfield

mScarlet

Brightfield

mScarlet

Figure 3. 8. Live imaging of reaggregse

(AA)Mi xed cell aggregate cos@o saendd o01f0 ¢
(HWi | d t yvpe) (2Pdir egat es.

(A&bpy 1.

(B&bay 3.

(C&BGpy 5.

(D&Bry ATrows denote regenerating pol"

We then attempted tcoelilmsj ecntt of liunotraecstc ehnots t

di ssociated donor ani mals under a fl uor ec

TO



up a singonrel;gedid eeunrsi ng a( Fmigcurroei Wje.eqt)tharn

i njected thetyppd |asniimalos watl ddi fferent | if
more than 50 injectiaemed, snecoaell af bteh d oiumjde
ti ssthe |24 er , showing t hatcedngsr afst mennetf foef
we |l |

Figure&aingd.e cell isolated in a gl ass

Singl e trcaenslgenascpiirated in a micropi

Poor engr afctemmé st coful d have resulted fro
associated with tissue dissociation and
cells from a donor to a recipient without
we used whole tiinsdsheigr bijad mma atbil biadesagr o
on the surface of hermit crab shells. If
one | arva, post met amor phosi s, when t he
extending stolons of t woonael | iomgtemecontcadt

outcomes of these encounters depend gene

hi ghly polymorphic allorecognition compl
allele of the complex can fuse and- form
cel(lks¢g,nzel , ewhealeas 20001 0s)hared all el es r e:¢
reje¢Nioontra, 2022; Cadavid, Powel |, Ni ¢

We positioned -1wWi | doltoynpiee s2 9cll os e t o a g
transgenic fluorescent donors (clone 106
hi stocompatible colonies establi-sélelds con
were observed mi gmwadtei nlg0 6f rcool otnhiee4f0et 0 t h
ti s6bBlegur.e 3. 10)
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Feeding

,/ Polyp

Point of
Contact

e

Stolon

Point of Contact Point of Contact

Figure 3.10. All ogeneic stolonal fusi

and 291col oni es.

( Alhe stol onal net work and polyps of
contact. The <col eInQy, oann d hteh d edne iomn 2t9
area (ANj) shows the mScarl et channel
(BHi gher magnification of the point o
(Chhe same parabiosis, 2 daysepobst (fQu
di fferentiated cells (red) mi glrOa tcilnogn

tissuiéC)(Aye | ive i maggnes. Scale bars,

We attempted to isdllaseohomewti it bnoof y2oh.

-cel | . Howevers;cel msmi drgateiemg iand progeny
numer dbherefore, we generated chimeras 1in
type-12Pelri ved, with only a few fluorescen

TP



then gr alf ecdo I1209nli es onto the chimeras. Be
fluorescent cells in the chicméta weaesel oa
all owing us to i slo0 avtiglpdeest obossoWwi 2Blonl
fluorescekemtadg EUG6 by cutting away the re
reci pi en(tFitgiusrseu e3s. 11)

1. Fusion 2. Migration 3. Isolation
Recipient

\'

/
/

; /
of Fusion N\

A\
LN

4. Proliferation, Differentiation and Colony Growth

Polyp Bud Feeding Polyp . @ .
R e \L \K“m
C B\ > e o> GV > - B By >

FigureS@8hdmatiaog&ld transpl ant ast.i on

Poin
of Fusion ([«

Donor

A schematic of colypypmy goladny nigs pPo svi
to a transgenic fluorescent colony. -.
cells to move from one colony to the
witgpe stolon with onl-oelolne ido niogolfdit

donor and recipient tissues.

The size of these isolated stolonal pi ece
than e@800ongm WwWiOde, emantdhildk. This was s mal
exclude the presenceelolfs aadrdipgrn omgheanny dwsniomrg
mi croscFamyr euB. t@2ntained sufficient cell

new ani mal

Out of over 120 established parabioses,
i sol ate a small piece ofcestol(gmewint ond iyl
donor progeny (green and red, or red onl

patterns arewunpredi tsabhangi ngurt lweitthimi ¢
houMe. all owed tielfigeasitseglte bud new p
T2



become established col oni es while takin
fluorescence stereomicroscope. Il n each o
singleongygelein proliferated and eeaM-¢g rii se
cells and to dnyfehanteapedspedgeed mScal

greehRi gur.e 3.12)
GFP mScarlet Brightfield

Figure 3. kel ISithrgdresppamnalitosins by

Live imaging of t heee ltli merd a fnte. oF i ras ts i
visible on day 13 (arrowhead). Fully
established by day 16celDlonnjorarmelrdesd a(
A totalfioecedilngdreafts were generated

out come. Scam.e bars 40

TT



Hi ghesol uti on confocal mi croscopy of | ive
them from moving during imaging) reveal ec
t he single t-a elnls.p| aBwyt ednoriphol ogy, t hey
majlydr acteildi al i neages: epitheliomuscul ar
cells (nematocyt(efi)guraen dBegr3om sc eMelrse al s o
by &RiFtaimi de anftFi lgoadiees8. 13B)

RFamide

TY



Figure 3.13. Various donor cell typecs

cel |, in a chimeric ani mal

(AGhi meric feeding |polryeps.c ehar ka,r eragsp er ¢
ti ssue.

(BDonderived neuronRFambdeéeceaitdpaheti a
embedded in a sheet of donor epitheldi
(CNematocyt es, each containing nemato
cressbédmaped nucl eus.

(DAn-ciel | (green) lodged between epith
(EBartially taken over sdeubVegpo(gpec

-

eciypdeentvedfi spbedmmal e sporosac.

(FA saal pol yp, near |l y t ackeelnl sovaenrd beya
are green. Maturing oocytes are also
bar sgm.20

Ot her cell types, such as gilmainwlo tcheilnl st,h ea
tissue. Of note, all fluorescent germ cel
of the donor -ancmpl edThéeg gondagpealspreg i
from the (FegupikendSp.adwh)ed eggs werdO0Ofertil
wi-tgpe sperm and became embryos that c¢omg
(Figurand8. hd) amorphosed into young, fluor

of fspring of the-cgilhgle transplanted i

mScarlet Brightfield

TO



Figure 3. ldgleneareatoin@n transgenic col ony

Young transgenic colony, dercievield flLraornv

and primary polyp (bottom row). Scale

The female c¢clone 106 grows f d9t ewrndtelran
| aboratory conditions. Therefore, over t|
i n chimeras increased graduall vy, resul ti

transgemniepreseaéatations (Figure 3.13).

Figure 3.15. Live imaging of nearly t
(ADongitudinal confocal section throu
(BHi gher magni ficati ont yspheoweipnigt hae | g iad ¢
donoderived tissue (arrow).-cbBifbBenentik

bar sem.20

We selectively pruned tissues that cont ai
thereby tipping the balance in favor of
these chimeric colonies became compl et el
wi-tgpe ceudrnes J.FiI5 anA) TFh eggsue ep Al.ylges wer e
andgrew into new colonies. Spectral fl ow
originatifA® fcordmn2®E t hat hadcealelceshvewe d
t hat some of these anemakts wsBypenweéel desgwe

detectable in their tissues, confirming

Y M



occurred and that albboehl sombhtt bedaadi gdr
were exclusively derivede@fHFiogut éDeBlod@Bt r a
same takeover dynamics occurred in each
recei ved a sctcelgle Wenaroncl uded that t h

oHydradad¢elnli®a includes p(EHErgpoéeeBtl1l1s8)em cC:¢
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Recipient
Wild Type

Piwil::GFP mScarlet::B-tubulin

Normalized % fluorescent cells

0
mScarlet
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Figure 3.16. Anal ydkyinmnanmifc st hbeg & thtkneoorv eir

(ADi ve imaging of various degypespofy
apparently a completely taken over or
(B9pectral fl ow-tcwypgenedlrypd®() oi Pridevi 29 !
(cl onebtlWb7yl,i n: : mScarl et ani mal (cl ol
taken over polyp.

(Chercentages of transgenic fluoresce
in animals that haveceéteimedmal sizedl
and recipieh0) (cWsndke r9e¢les of chi mer i
takeover, are shown.

(DMaxi mum projection of a confocal 1
pol yp, schedwisng ni green and differenti
40me

Wild type tissue

<©. Donor i-cell
a Donor derived oocyte

. Donor derived somatic cells

Figure 3.17. Gr aphiéecdler anh stat a otn off t

potential a«feld .single |
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3.PLscussi on

Il n asexual pl-lA'n%¥e d lminasst sPiovdnstitute som

ani mal 6(sZecnggl,l set . HolweveRD1®&nly about 15%

clonogeni c, able to rescueZeag]| etehalally ,i
Wagner, Wang, &.BRye ddd rtiyrdars2t@tiivii fftael | s i n
feeding polyps are relatively rare, C omp
(Chrysost omou, et al ., .ThC2 20;b suB/wead, tetk ea
all fiweel $sigghéts suggests t hadl las cmairsk aed
by hS ogxhbPl wi 1 aPnidwa Xpr essi on ar e pl uripote
Arguabl vy, they represent the moslti vainfgect
cl onal ani mal s t-lhiake gewmleo it es pwiatnhout a
shape. By Hyadrad etgigdiosmms resembl e pl ant st

feeding polyps are equivalent to plantséo
of fl owerlles d fa imi xed popuéstirbpoted $iam
competition among | ineages <could result
progenitors for certain cell types. A sin
t hat new stolons andngposgypsal()botan feedel
region of the colony, ceddviidegprtelsatintatat! d

Given that pluripotency in most animal s
gastrul ation, it would be interesting to
-<cel | s, whi ch ar e adul t pluripotent cel

di pl ob(lTesthinca,uHy Rro2dtinbmiyadas gastrul ate to

two germ | ayer s: ect(Kdearum, aredi-ceerdl d ¢sd eRront 4
appeat hanmdoder mal cel | mass but mi grat e
met amorphosis to betompop@Qlerawdasdt omou, e
202.Embr yecneilcl si coul d directly derive from
do not commit to any germ | ayer during g
arise from committed endoder mal cell s, é
Under both scehasiomsgrasei proliferate,
cell types, eventually all/l a ducletl |tsi srsaut ehse

Y M



t han

from embryonic ectoderm

ThereHypdeaetmbniyani c germ | ayers are mer e

The mol ecul ar mechani sms that control p
across me(tAalzio®,n set al ., 2015; ¥nal , et

Reddien, 2012; Ali®, et al., 20Hils Uslnar
surprising, given that all animals have p
However, adul t pl uripotent stem cell s (
appearance i s corhbhedyatreegewm drhatwhvoel eabi | i
growt h. sNédaaohddiy, APSCs require mai nt ai |
embryonic pluripotency gene reguicaetidry n
resolution, APSCs were shownCntadaekastand
Pl atyhel(iZiemtghest al ., 2018; Wagner, Wa ng
& Davidpoptheg7pre assumed, t hough not con
acoe(Ki mur a, Bol afos, Ricci, & Srivast
201l.5nterestingly, col oni al tunicates,

regenerative, were suggested to have dist
somatic and ¢hai gdy mDieneflomaso, .T&akWeai ssm
toget her, alt houghobpeliunrg poldie e iy ropuesa b Is e
primitive metazoan feature, the distribu
phyla is consistent with two evolutionar
primitive tstaibil dtosti drys mdndHgdma aomiaar
derivedefvodtvameg, multiple times in differ

Y P
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4 . 1. | ntroducti on

Epithelial cells are necessary for the e:
environmenht eémi drheof an organism. They a
their organi-pat meablod eppimihel i al sheets

against the(6nepmanmef&tvan Ipkzoedredcaadrng, f2
physical Il nteractions, pat hogegmBsuz@rarc wan
Haddad, Tomczyk, Wenger, & Galliot, 2015)

Memers of the phyl umayYerddrbadphaweael & bom
external epithelial |l ayer termed the epi
termed the gastroder m. The | ayers are se
known as the mesbgiea andaesman bet ween tl
|l Hydna,e epider mal and gastroder mal epith
ni potent stem cel |l popruelnaetw owhsi Iteh aatl scoo nes
ifferentiated epithegliaBot heaetpuirtensel cahc

opul ations have an atypical celpghayel e,

Buzgari u, Crescenzi Thi&s Gad | somj | 2r01 4 p
roperties of enibFrlyuocrkiicg esrt,.e mMBtoctehll Igsas2 0 @ d)e

u
d
p
of around one howurhaasned tah ate ncgatnh yr ai2ge f r o
(
Y
and epider mal epi tnhiedriaatlorce | c el Ha radytpecn
s

heets of epithelial cells are displ acec
tentacles and buds by the constant proli
body coCampbel.l ,OnOe 4t)he cell s reach the
sl oughed of f. Al | epithelial cells are |
(Campbell, 196 7:L aBlbhag araiywe,, AubGay | i ot , 20
I't is notHydt aktpowrihailfi al cell s are actiyv
they are pushed towards t hhyderg.deac t i eisa
di fferHydfrmomany things, including, but n
habit-ael, | ipotenti al and their met hod

This chapter aims to establish the true d
cel Hydnaclt i wii lal al so assess the contribu
somatic cel | sHycdathna ama&k eny .o a
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4. Mat eranal Met hods

4 . 2Anli mall Cul ture

Ani mal cul ture was condute&dlas descri be

4. 2SRawning of Ani mal s

Ani mal spawning was conduc2t.e2d 1las2 descri b

4. 2Mi3croi njection

Needles used for injection of embryos wer
(NBhi ge: GD1) . For omleasesmibd yos|] evetrieomsd ace
petri d200ém wniettht i ng attached with hot gl

njected at a egga&hh cne mturcd teiacsre dofr e wat er .

supplementMeKCWi tim 1a 1:5 ratio to reduce
dextran in a 1:25 ratio to alElImbw ywiss walriez
injected at an injection pressure of 40 |

4. 2Pcel.yp Mani pul ati on
To isolate individual pol yps, efnari rteems | i
minutes to anesthetize the ani mal. I ndi

scissors at t heanbdaswasohfe d hsee weorlaylp t i mes w

4. 2Sdmatic Cell Transplantation vi a
Cel | transplantati onSewas oanwiBdiBc t7r7ed &sl pe
excepGreater tnSacmattteittg were i solated for

ani mal I nwirt gigpiepsigennét noc&FPs were present

YY



4 . 2. fmunofl uorescence

|l Experi ments were conductz2z.d2.a%. described

4. 2M&cer ation of Cells for Cytospin
Polyps were macer atMEd huaaiond g ( tAICa BRaOqetPi@ad o0 C
Castr o, et ol ypgowweye wunfed for at | ea
sol uti oh.)( . weabsl enade up of the following c
20 IL.m

Tabd4d el ComponentnslAGME as @I0uti on

Constituent Vol ume
Acetic Aci d 2ml

Met hanol 3ml
D E P C20H 1 2nl
Gl ycer ol 2ml

100 pwkyppsaced imlitowaadh&si on tube with a
as possi bl e. whkhet hseena wraed glrac edt owirtehl a&% t M
ani mals and they are placed ewagsbenfor
removed and washedLquwifcilicy toyiht tys®@i ne i
Theaoetyl wysmmedieat ely removedmlahdt hepl &
ACME solut 4od (Thaeb lwopupetotned using | ow I
with the pipette set to 750 |Q@lc.edT hag maduwet |
of the solution, against the edge of the
down while avoiding aspirati ngs ppoil pyeptst e dn
vigorously for several minuwise sacunteivie da sTi
cel l suspension i s -wfeitlttear eld 0t harnodu g4h0 ad np
volume is themlwhnddhe 1xp PBB& Bnd centrifuge
for five mA@Qut @8he asuplter nat ant i s remove
resuspend®d.in 250

Y ®



Theingle cells were adhered to Tame randdch e s i
Shandon CytoBwnsadadhesive slide is placed

A filter paper card is then placed on tc
cytofunnel. Once all | ayers were secured
25@®L of solution was |l oaded into the <cy

cytospin was run at 200 RPM for 5 minut e:
smear on the slide. Thd tsmedwul Was dt hemt
covered container to ensure no dust sett

then used to create a raised perimeter t

treatment of cell s.

4. 2E@®Bi.t hel i al Cel | Tracking

The polyp of interest was mounted on the
on each side using a Dremel 290 engravin

tying multiple slides together tightly u
slides al onign taheliar geedgveol ume of sea wat el
was cut away along with a section of newl

were gently pipetted onto the side of th

for at | east three dmcyes huand i & c csurorleoch.al T
keeping the slides together was cut <care
gently. The individual polyp was then ma
band on each side of the polyp. nntdhiei du
tentacles-laf: GFPGOX rAacntsgeni ¢ ani mal over a
by taking daily images of the settled po
usiaag Ol ympus fluorgepscent microscope

® M



4 . 3. Resul ts

4. 3Aral yseapi tofel i al cel |l movement

As mentioned. Hydfaecthehial <cells are cha
consistent centrifugal movement towards t
proliferation of cells in the body col um
epitheliaHydcreaclhs ma wae similarly. Thi s [
performed by settling an individual GO, 1
on the side of a sl i dde. 2)(&8.9de)sTchdpioleydp i n
was i maged daily under a fluorescence mic
Hy dr acctoilnoina es grow clonall vy, el astic ba
from the polypmprefeieaneeest pesition. Thi
same polyp was imaged every day and not

budding polyp.

Figure Setltl ed polyp on a slides edge.

Feeding polyp settled on the narrow e

wi de el astic bands.
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e Actinl:: GFP construkK¢gnaals, fdQtfadglilild,e sZ(
pected t oGFHPavex pparssi on duddydmacalilni a

prefstmnigeconstruct used to generate the

de up Acft ipmibenot er |, which drives expres:
nal i zeHly dwiethBhtlhle. 5 kb genomiActbedingn. LC
ubiquitous gene, t he ani mal shows GFP
d gamet es, both being i1identified by t
pressiabeemwasin all ecteldrs aelcll utdepme s ,Thi
ansgenic animal can be utilizedngs an e

e tentacles were chosen as a point of
rstly, the tentacles represent a clear
di vidual epithelial cells are clearly v
demftily i denti fyeanthedial doel | GFR t he
ad without nuclear staining and confoc
paration were chosen for the tracking.
itheli al c edl |sst atth aotn am ¢ maainnde s howed no
wards the extremities over t feedbhygs o

mai ning in pl ac(eFifgo). euph.itso vwals dab/ser ve

dependent sampl es. Additionally, ther e
ithelial cells dividing, i.e. by the afy
the tracked cell. The prolsiwielrlathee

vestigaitedt HerftdleldavBdi.mg secti on

Chapternr aB| i $dkceed | shatani give rise to a

ithelia. Therefore, it would be reasona
itheli al cells depeetis sonnditheetemtiaat
pport t his, Illecahder viencke anteli nfiggort ent acl e

i mBil gurer. 4TRBI s study confirmed t hat p

itheli al cell s towar ds Htyhdedaeexst rneomi toi cecsu

I lydractini a

©
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Brightfield GFP

Figur.e HBpi2t hedhaw mcelmhmesvement for at |

A lAwtei nGFP GO, mosaic polyp tentacle
of epithelial cells in the tentacles
epithelial cells aref auenbeireg floroeaglk

|l ine denotes the boundary of the tent
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Figuréeiawild i mmunost acaling ismowlse ¢t e

( ABi wiclel I s (yellow) are visible in
an adult feeding polyp.

(Bdooimn of the tentacle area.

Both i mages are a single slice i mag

DNA staining is blue. Scale bar 10
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4. 3ArRal ysi s of epithelial <cell mi to
Another signifitdadepiftelaeluiral ot emecel | s
continuoushgwsedodf mai ntain thei(rHorlesstpee cnt,i
2023; D¢ bel & Chica Schaller, 1990)

I ai med t o anHuyldyrsaecetpvinte hadleir a | cell s have
capabilities. Adul t feeding polyps were
Sect2.0h.)2 .f3o.r 30 minutes and were then di
using the ACME protocold4.(2s7 . daecrielsaid tii m
suspension concentrated {H4bysisematbasedt s
using a CytoSpin cytocentrifuge. A doubl
out on the adhered cel 2s2.()2a.s described i

Bot-ttelil s and epithelial cells mitotic act
view of the proliferative activities of
wer e i denti fied hryect argul crl o-mgh b & dlweqg \e.
i denti fied by both their Piwil expressio
rati Besbhaawkgr ound from the nuclear staini

visible in order to identify morphol ogy.

Bot h "BimdlU BicekeWU |l s were identi f iFaduirke &l.14 o
Sixxtells were identified across three te
propor tciedn soft hiatwave r-eF@B% d(iJe. 4T.h5i s i s typi
-cell s as they arenhotgddeyuppoldti ferasueeh:
and -sehéwal , which is a classical trait ¢
out of 620 identified epithelial cell s a
identify any *{Fgatr eBt&r-d gBr)e.U 4A 15l epi theld
identified. wdhe s Bridhdi cated t hat t he er

continuously proliferate because iIif that
i ncorporated dmirniunge timec utbhaitntoyn i n at | e
epithelial -phalsles i n the S

PP



DNA BrdU  Merge

Figure BrdU | abelingcefl gdiasdceéepitelde

(ABot h "Birsdwel | "irasel BsdWere identified
B)Epi thel i al cells showed no BrduU I
staining (grey). Cell boundaries are
faint DAPI Dbackground. Scale bar 10
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Mitotic Index of i-cells and Epithelial Cells

100 + e,
=)
un
©
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© W Bdu+
=
2 QBdU-
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[
o

i-cells (N=60) Epithelial Cells (N=620)
Cell Type

Figure Bhé mitot-¢ el I sedoantdhoefl iial cel |

Percentages of BrdUxeédpisthdlti dleaddls
i n-pBase afnmienrutae 3Br dU i ncubation. Al
(N=620) wer@&h®&rdbror bar is the SD.

are denoted by circles.

4. 3TIBe Devel opment al Potenti al of S

As was shown icrelCkamtreer p3,urii potenb- and a

Tubulin:  :-m8¢tar ltertanspl anytpeed tiinstsou e wicladn r
compl ete transgenic takeover ofwhtehteheani m
somatic cells, el lth,e @abwslechcko otf he s ame.
Tot hi s end, a similmar alriamssipd anngtatuPnwas
Sect40d..5. However, this "ciemé s wowrelrey @bt aw
mi grate into tthyeer eédispiueent Iwielndsm$ear It dhtat
cells were presencel Itshuesnte x ell ywdifnrgom t he

(Figur)e. 4.6
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1. Fusion 2. Migration \ 3. Isolat
Recipient
\ ‘-/17\\ //% s -
\\.‘ 7/
[] ‘
’
= - :
/ .n iy -‘ - r
Point d* » -“‘,_
of Fusion -4 L_oe
0 "
Figur.eschebnat iud tafplm somatic cell tr

parabi osi s

A schematic of grafttyipreg  wileaaigpdi uernet.) /
closely to a transgenic fluorescent
stolon allows recipient and donor t
l east 40*cm3dasriwats then i solated by

and recipient tissues.

Per sample, at *kcedsts wveérmStcamhsefpl anted i
to assess the contri(iugurgem bdi7 gseormade ct ico
stolon were isolated, i n comp&r.i3s omhitso t

was simply becauseelolmdi tfwhmigchdoamoe & 7r ar €

easier than omitting all/|l ot her cel | typ
Chapter 3, thus allowing | arger stolonal
Podtsol ati on, as previously mentioned, t
mScat,|l eGERI | s isol ategpdeini 8 eedwyl 8, a nev
formed in the section of théceasltlod onnttbhh
tentacles and the heael |l Sherieadwerae-img 6B
cell s. By day 6, t heelnlusnbdr oppg e dnSicrar t be
tentacles until only two remaicreed.s Ilwes ees
nematocytes, that were ori girroalelny tdbersi ve
stol on, as nematocytes have well documen

and head as t hey-f aed(iKilgopnmpaecne,d Saonsdter s, &
2022)By day 10, al | fluorescent cceelllls ha

t hat was transplanted in Chapter 3, t he

PY



transgenic cells and they all/l eventually

no I-toenrgm contri bution to the ani mal

mScarlet

Day 3

Day 6

Day 10

PP



Figur.e Mul7ti pl e somati c cpearlabtiroasnisspl a

Live imaging of thesomamélci cel df ga amual
cells of different types were isol ate
visible on day 3 *evéltlhs.a A efwulniSy add wd
feeding, was established "hcyelday @Yy
mScafttek!l s remai ned. A tot al of t hr

generated, and all reveal ed gnhe s ame

N MM



4. Di scusamidodummbr Resul ts

I n this chapter, I ai med to i nvestigat
proliferative acti WHydyaof EppabhbEel abhl stehlr
Hydaae characterized byemndwalr a@awodti heouos

di spl acement in response to this prolifel

ThrouGhexperiments of macerated polyps,

none wer*e BndUOUomdlrlass,t , qui te predictably,

percentagei nccfor Bod#dting cell s foll owing

i ncubation period of thirty minutes. Thi
proliferative and do 8seinffumader go conti nu.i
Continuous tracking of indiviAuwmtailn@FpPi t he
ani mal showed that epithelial cells can r
t o their relative position for at |l ea
di spl acement of epithelial cells towards
i Hyd,r adoes notHydcaaotilninais | ikely that

Hy dr acatrieniaact i vely maintainedebls-¢adlelddi f {
progenitors. Overall, considering the |
continuawrsnewal f of epithelial cell s, it
epithel iHy drceedchtliisnimamt epi thelial stem cell

Additionally, by transplanting mul¢tiples

type recipient ti ssue, I saw no expansi
absenceelolfs.i This further emphasiczedd st he
providepasditbhg more | imited potenti al 0
The | arge number of cells transplanted a
expansion of transgenic cells in the anirt
At no poineldi slaramgietiher , further i ndi c
experiment al setting, dedi fferentiati on

case i n hypost ome FrSeagaevneedrraat ieotn a(lS a l|2i0n2a3s) .

This study provided an I ndHydrt a agmri enti laa t

di sposabl e. However, conclusive results

N MN



that all somatic cell types are represen
her e.
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5.0Lntroducti on

Ce-abl ataowmnoigani sm can explain the abl at
during devel opment and homeostasis. Anal
from said ablation gives insight to the
Nitroremedit ased cel |l eabkatabhi Basedben mar
i ncl HYidf®i ez, et &Nlitro2@a23)tase i s a bac
conver-texnonprodrugs into a cytotoxic met
DNA c4+4osm&ing agent. Téaxpreauiseg ¢dalel NITR d
transgenic mice had been fgenerratneod ewist hd
expression of the nitroreductase gene a
visualization. Exposur e to the prodrug
fluorescent tissues but had an unintendec
cel(lDg abek, Guy, Craig, & Gr osvelrhd,s 99 7%;
was due pteor me xlelld met abolite that was pro
of the (pBroiddrguegwat er , Knox, Pitts, | 6oRI0D0ORBS
a study showed successful ablation in z
ani mal s by usi ng t he prodrug metroni da:
bystander effect as its toxic form was ¢
had been r eductelde imi tir.oreduct aseb.glx.pr ess
(Cur ado, Stainier., Mamynwdzeboafi 20891 | t
ablated such as(Bagamamyoeyt @hot orRddpt
(Whit e, etanal .ne (GoOdd)y, Nobl e, Yoon, Ani s
201.5)

However, more abl ation resistant cell ty|
concentration of MTZ (up to 10 mM) for
exposure (>24 hours) to this concentrati
recent (aper ock, seitoweeld. ,i n2x0r2e2a)sed catal yt
uti lizing a ortholog for nitroveducbase
vul niifnisacwesad of theEschdritobhbnalotglducedse.
ortholog, termed MNTRZ2. Oa,blsahtaowend elf G ci enc
catalytic activity. This resulted 1 n siocg

N MT1



successful abl ati
NTR2. 0

reporter

reason, wa

abl ati on

I n this <chapter I

systeHnydrnacAdcdiitai,onal | vy, I
Metroni dazdlyer amatdhust itla pol yps

on of even the most
s selected for use
ani mal s.
ai m t-me dd satt eebdl i csenl
al so aim
and

embryos.

- Cell —
o Y% te _
KN \ /./ |
i . XD>O<DX
DNA

CH,CHZ0H

Metronidazole

\

RV

DNA Cross-

Linking Cell Death

E ——

w

Y

FigbleMetroni dazol e

expressing cell s

The

nitroreductase

prodrug,
metabolites act

and inducing

metronidazol e,
(NTR)
upon -Itihnek i INJA ,a ncda ui sni hni

mechani sm of acti

di ffuse:

i s reduced to

layp otpht @ sd esl |i nexmr essing r

NMP

la amb

t o



5. Rateri al s
5.2. 1. Ani mal
Ani mal cul tur e
5. 2PQR and

Pol ymer ase

PCR CIl ean

chai

and Met hods

Cul ture

was condutedlas descri be

up

n reactions (PCR)XM iwlerlei tcyar

pol ymerase (Ther moFi sher Scientific F5b53C
PCRs. The reaction componeiiabl evie® el lmats en
specific miPE@RBrtubeb6. 2

Tabbel Components of a general Phu
Constituent 200 ReactioFinal Conc

Nucl ease Fre(Up taL 20

5x Phusion H[4Q 1 x

10 mM dNTPs |[0.@& 2 00M

100M Forward |10 0. @V

100MReverse P|1Q 0. @V

Templ ate DNA X 10 @g/

Phusion DNA 10.2 OL 1 unidt /Rdag

The samples were mixed and then transfer
preheat &d tThe9&% ample was th&h. cycled as
Tabbe2 Typi cal PCR cycle paramet e

Step of PCH Temper gDur at.i

Step 1: Hot Starf98AC 2 minu

NMZ



Step 20x26yYDenatur §98AC 15 sec
Anneal i 160AIT2AC|20 sec
Extensi ¢(72AC 1 minu

Step 3: Fi nEaxlt en|72AC 5 minu
Storage|4AC [5)

Loading buffer was added to PCR sampl es

was run on 1% agarose gel stained with S
10787018) along with 1( TKer mod iss hekNA Scaid
10787018) . The gel wlabs mriunnu t eets A\ ft chre n 3
using a Vilber Fluorescence Gel Doc Syste

DNA extracti ompomwaRCR acglre atthMounar by Eu ®NAg
Gel Extraction Kit (NEB, T1020S) or Monar

respectively, as per the manufacturer ds i

5. 2DBA Precipitation

Nucl ease fwaesed dweadt etro t he DNA & am@.lOeo fup t
sodium acetate is added to the reaction.
et hamamssdded to the reaction and Onvoefrted
gl ycompeesnd ded and twhae nsveempleed sever al ti me
sampweaes hen st-80AC avernight. Thewasext da
centrifuged at 16000 BPMTH®rs2@®e mi atud rets
di scarded. The resulting pelleted DNA wa
and centrifuged at 16000 RPM for vedmi nut
and the wash and centrifugation process \
dried for approximately 3 minutes in ope
from the tube. The DNA was resuspended

measured on the Namodertoepr .spectropho

NMT



5. 2Rdstriction

DNA was

di gested

enzyme

di gestion

di gestion reaction was set

Tabbe3 Components of a degesitcbobinom:
Restriction Enzyme Digestion React
Constituent 100L ReactioFinal Conc
Nucl ease Fre(Up taL 10

10x Enzyme B(1Q 1 x
Restriction (0.& 1 uniCt/ R&a:«
DNA X 10y

Phusi oPoDNMe|0. Q& 1 unilt /Rea g

The

gel to

veri fy

successful

5. 2DNSA Ligation

A 10D 1: 3

Tabbed4d Component s

vector:

rewas hoobat-@dhbar& l1athedh7 r an

i nser-t

of a

on

di gestion

a

of

uessn znygmea dr gstsrtii ®tni. o nT h e
up (arsa bfl el 150 B89

1%
t h

| i d atl il (coina $rleea c5t.ido)n

restriction

DNA Ligation Reaction Mi X
Constituent 10 OL React|Final Conc
Nucl ease Fre(Up to 10 OL

10x Enzyme Bf(1 OL 1 x
Restriction (0.5 OL lunit/ 10 (
DNA X lug

Phusion DNA 10.2 OL 1 unit/ 20
The DNA |igation reaction was I

was then placed on ice.

NMY
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5.2LB.agar and bacteria plates

40g of LB agar was dissolved per litre

autocl avaeut o®losvti ng,c acdlee da gtar avafSr anidmat e

the necessary antibiotic was added. The
plastic petr.i di shes, aseptically. The a
temperature before being stored at 4AC, u
5.2ChWemically competent bacteria

The following method was used to generat
Escherichia Col i bacteri a. LB agar and LI
The agar was opened, aseppliatésy,i andheoa

of any antibiotic additive. Bac#®rAiCa st o
stabbed with a completely st@riolfe LBi e tott
in an Eppendorf and mixed. The broth was
an-slhhaped spreader and incubated at 37AC
incubated at 37AC. A single colony was |
i noculmétfe LB broth and was incubated ON a
was then used mmfi hdBc blraotteh FJAOM t he absen
which was incubated for two to three hou
3.-6 was achmleaéedon50ub-ebi Weed pnd the <cu
added to the tube. It was then centrifuge
The supernatant was poured off, l eaving
was resuspmodedtieni 1261@@%1YI| ga€kr ol . The r ¢
bacteria were t hecnhialllireqduto# rebdl @ ntt wb epg eand
-80AC.

5.2B&8cteri al transformati on
For the transformation, 50 ng of plasmid
OL of competent cells and incubated for

shocked by placing theAGobesinty sactendbda
pl aced back on ice for fwdrnmedAPo wabes .
then added to the tubes and tAlfeqyr wtehier tiy

NM®



mi nut es. They were then plated on LB ag

carbenicillin.

5. 2P19asmid extraction

A bacterial culture was generated by in
Og/ mil carbenicillin) with a single colon
cul tured oVACr nPlogshttt uati n3yg7 t he bacterial cu
at 6000g for one minute. The supernatant
resuspenddd res28PpenS0mM Guiéese(HCISEMM T
pH 8.0; 10 M@yAEMNaAse 100 MQaWadt enverted to
compl ete resuspension. The eldacttoe rriealle assocel
plasmid from the bacteria by adding 250 (
MQ Water) and inverted for sixty seconds
guickly neutralized by the MA@E@WHCQli;onl.®dOfM n
K-Acetate; )MQ iWavteerrt ed and i ncubated for t
|l ysis reaction had finished. The solutio
ten minutes and the supernatant was thert
centrifuged at 6000g fbrouag wwasudtdiescaild
buf fldmM( -HCil s pH 7. 5; 60 mMM pot@a®@H) umasce
added to the column and centrifuged at 1
was repeated twice.cdrmter icfol giench av@gaadi h htem e
column membrane was dry. The col umn was t
Depending on the con®@é&ntlrlatoifomurced ewisree d ,r
added directly to the membrane a@mdn i ncu
temperatur e, before centrifugation at

concentration of t he pl asmid was ass

spectrophotometer.

5. 2. Colhstruction of t -FRf ami de: : NTR2. 0

This construct was cr emdadssad bgl orneisntgr.i cTth &
used was from an Rfami de( @Hrayssm -dt o naosu ,d ees
2022) Rfamide is a marker for a a subset

NNM



n theHyaladrdfi nThe Rf ami deCh:rGFR sptloansomui,d e

202®as cut with SACI and NOTI to remove
ended vectoA) (FTlger pBBR2GRR ipltasmi d (sequ
obt ai ne(dShfacrornroc k, )et( Geeln.e,sc2022) was cut
restriction enzymes to generate an insert
(FigurelLbbg2B) oWNTBRP2GRFMaeasert RmMmamitdhee: : GFP
vector was per f oat med The ar e83sull tnn ng i g
transfor med i nto competent bact ertihaenand

subsequently in LB broth.PTReahdgaégqoenawt
with primers |istelcheindiApperpdiasmBd was
Rf ami de promoter dri vamg &¥pPr gdd9igamr eo f5.
gl ycerol stock was made f-B@M otrh el obnrgo tthe r:

storage.

A B Notl Sacl
Mot Sacl
X O
Mot Sacl
Mot Sacl
NTR G
Vector Insert

Rfamide 5' Promoter INTR Gene [l- B-Tubulin 3' Terminator

Final Plasmid

N N N



Fi gbr.@&eneration of theGRPamidemi NTF

(A'he Rfamide:: GFP plasmid is cut w

Sacl to remove the I|Iinker and the G
(Bh)he NTR2.0 plasmid was cut with t
resulting in a sticky ended insert

(CThe vector ( A) and the insert (E

Rf ami de:-GRPRPI @smi d.

5.2 Metronidazole Preparation

MTZ was prepavedyfdaghl ¥he crystallised
mi xing it with filtered sea water in a 5
4BHCwat er bat h for thirty mi nut es wi t h
undi ssolved MTZ remained. At all steps t
l i ght exposure as MTZ is a photoreactive
with fresh MTZ.

N N



5. 3. Resul ts

5.3Mdtronidazole Toxicity Anal ysi s

As previously discussed, MTZ at hi gh col
overal/l toxic for zebrafish for |l ong ter
I mportant to confirm that the amount of
woul d not negathievad Ity Hipdip a dte Co lirtaywiel dadul t

feeding polyps were placed in increasing
and 10 mM) as well as control polyps cul
no MTZ (F)guibeb5o8erall mor phol ogy of th
are assessed as an indicator of stress i

treatment. As the pyghbegps asgdpWwenet wpkds
attributed to toxicityiomdaotedMTHYy ahtieno
removal of cel |l s. The FSW control exhib
mai ntained a regular polyp morphol ogy oVe
sampl es exposed to 2 mM MTZ, showed no
mor phol dgpy kaendd i ndi sti ngui shable from the
treatment. The 5 mM MTZ treated sampl es

day one to day three, but by day 6 there
which is a clear innmgcandem otfredhe. aHo wmaVv
MTZ was removed the ani mal recovered. Th
showed signs of stress from as early as ¢
By day 6 the tentacl es, di sappeared ent.i
remed the polyp died. The 10mM treat ment
foHydr acaduwlita feeding pHoyl dyrpasca d UHlo e ¥ e e d i n
pol yps atpgppaha edt o sustain muTcdhoenxgpeas prea i foe
than documented linn zzdbradfiisshih greater t ha
MTZ induced abnormalities and even deat h,

NNO



Day 1 Day 3 Day 6

FSW

2mM
MTZ

5mM
MTZ

10mM
MTZ

Figwr..88 MTZ toxicity analysis in cul

| sol at-edpevi fdeding polyps were tre
concentrations of MTZ (2 mM, 5 mM
treated with FSW as a control

Scale bar 20 Om.

The toxicity of the MTZ treatment was al
embryogenesi s and met amor-fpérotsii Isi z atiigamr,e
were transferred to MTZ freshly preparec

daily, and met amorapsh opsers Sweacst iionnd u2c.e2d. 1. 3.
N N 1



prepared in MTZ treated FSW instead of F
nor mal devel opment of an embryo. Post me
progressed through metamorphosis success
The sampl e exposed toeds tmM pMToZgr appeatr
devel opment similarly to the FSW contro
devel opment al-mated mgyrsp h oPsoisst, 9 out of 11
through metamorphosis and formed functio
that 5 ™MK expMsure did not i mpact met a mc
when exposure way @weaer oa.f d-dowever, i n th
to 10 mM MTZ, at the 1 DPF stage, no ap
evident . By 2 DPF, the | arelaen@aptpedrteidars:
5 mM and FSW exposed sampl es. By 3 DPF,
devel opment and showed | imited mobility
samples had shown further elongation and
When met amor phuocseids, waalsl i1ln3d | arvae that we
di ssolved onto the glass slide. This in
l onger exlposmMmM& ¢H> 24 hours) is detri men
devel opiHgudtr act i ni a
1 DPF 2 DPF 3 DPF 1 DPM

FSW

5mM

MTZ

10 mM

MTZ




Fi gbr.

& MTZ toxicity analysis in develc¢

Wi ltd pe -t(rnaonnsgeni c) embryos were treat e
MTZ (5 mM and 10 mM) as t hey progr

met amor phosi s. Embryos were also trea

|l arvae that produced a-metambepliposimsar

Scale bar 80 Om.

5. 3Ni2t r or ednecdticasteed Cel | Abl ati on

A Rf ami 2e-GFRTRransgeni c ani mal was gener
embryos with the pl ashki gur® nlshti2su crte scurl et aetc
GO animal that had anparboinen| abetit he dRfwam
neurons were primarily c¢clustered around
Rf ami de:.-GNPRfeeding polyps were placed i

t he a

Prior
head
GFPne
Rf a mi
i ncub
fille
days

neur o

bl ation and recover(yFidgyuraemib.s5.i)n. t h

to the treatment, the cut polyp ha

of the feeding polyp. After two day

urons in the feeding polyp, indica
de:.-GNPR expressing cell s. This occu
ated in the MTZ. The abl ated polyps

d with FSW to anal yseabtllaagiironct ed®ddv er
of FSW incubation,dihedadirre@®F pPalty posf,
ns were Vvisible in the head.

NN



Brightfield

GFP
Pre-MTZ Treatment l
2 Days
Post-MTZ Treatment
10/10 —
4 Days
Post-MTZ Treatment
3/10 —_

Fi gwr..es Abl ati on ofGOn &draomn o eiGiF Ra A1 Mha l

GO, mo s ai ¢ Htyrda mdfgeendiiecng ®xlpypsscog Gl
2.0 in neurons were treated-iwidthb 2t imiM
| abell ed cells could be identified ir
FSW, 3 out of 10 sampl &FPsbowens.a %ea
Om.
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5.4. Summary and Discussion

I n this chapter | aimed to establish the
abl atHypadr a styimbii @l ongi catrlpw,s.l showed t hat
mM MTZ had a detri ment al effect on adul
treat ment . However, when devel oping er
met amorphosed in 5 mM MTZ most of them su
vi abl eesc.colTohnei 10 mM treated embryos/ | ar ve
t hat much | i ket ezremb reaxfpiosshu,r el othog mettrroni da
t ox(iCur ado, Stainier., & Andrtrrsasant,, 2D0@M M
seen to have any distinct effect upon t he

adult feeding polyps. This established a

which to treat individual adult polyps o
Secondl vy, I was abl e t o show effectiwv
Rf ami d&:.-GNRPtRr ansgeni c ani mal . Al'l *adul t
| abell ed neurons within two days of MTZ i

treated polypsneawrglan snwds GRBPt sumaptthiesi ng
feeding polyps cou'ladb|rad ceav enre utroenisr, Gk c «
utilized was a GO mosaic transgenic ani
neurons returned was also in |ine with (C

showed de novo meéurhogedseqdagss tt3d6t | on .

NNY



Chapé:erDi scussi on

NN®



61 Di scussi on

61. tkc.el | progenitors appear during
I n Chaptmamoz,t aii ni-sntga pd emshatrlaygoe s  rPa wa all e d
protein | ocalisation in several ewrdbddern
stage. This is thggetagegenowleHehsr iansatrisvaa,!

et al .., ReemBgr habdi t a sciedlineageaen slkaelnmdan s ,
mat er nal to zygotic transition occurs af
( Odlas hi i & Satou, 2018; Asami, et. al .,
However, in othedDrasiomaiéhbr a Xietnho pasisn d
much as twelve cell cleavages are requir .

genome conmnBelnictezs & Cho, 2021; Ander sen, F
& Collas, 2012; Marlow, 2010)

|l Hydractinidad not detect Piwil protein
earl-cetl laared | 1868t ages using i mmunostainin
asPiwiist a maternally defpDHsited mRNA (Fi gul
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Figure 6.1. Piwil (HyS0050.7) RNA levels during embryonic development

Figure and figure description was obtained from the Hydractinia Genome Portal
(https://research.nhgri.nih.gov/hydractinia). Three replicate RNA-seq samples

were collected at four different time points during Hydractinia
symbiolongicarpus embryonic development: at the 4-cell, 16-cell, and 64-cell
stages and from 24-hour larvae. Each replicate consisted of pools of embryos or
larvae from a single spawning event resulting from a cross of the 291-10 male
strain with the 295-10 female strain. RNA-seq libraries were constructed for each
sample for a total of 12 libraries. These libraries were then sequenced on the
lllumina HiSeq 4000 platform using indexed 75-base paired end reads. Sequence
reads were processed and aligned to the H. symbiolongicarpus gene models,
counted, and normalized via MedianNorm (Anders & Huber, 2010). Normalized

read counts are displayed in the expression plots.

Before the maternal to zygotic t

ransiti

mater nal gene products to prodrMagd otwhr o
2010Maternally deposited Pl WI protein ha

essenti al for the progression of

early e

genome s(t@drndadltez, Tang, | & tLhese 280211y s

pluripotent progenitor cells differentia
organi s m; therefore, it is of the ut mosH
genome is Mm&abtgined al ., 2021)

Taking this into account, | expected to
at the earlier stages but was unable to
perhaps a sensitivity iIissue to detect the
it coul dybdi $§passdl throughout the yol ky ¢
and not weasily detectable. Additionally,
utilised to aid pRneit> aahbhbodyhwde hemamyo
facilitate the nuclneaunisnttae nndi endg . c oHosweequueert
could be the already dilute Piwil proteir

by proteinase di gestion and t herefore,

i mmunostaining. The protei naslel Ksttages ma


https://research.nhgri.nih.gov/hydractinia

| at er, did not noticeably reduce the Pi
significantly more concentrated in those

As stated prfecwildusliyn thPhiewielndoder m -wer e i

cell stage and all subsequent embryonic ¢
Piwicklls at-cehk 8P2AfGé Wwael Ifsi.veThPiiswislugge
sever al endoder mal cells began to expres

arise from an *icedi vitdhuaatl hPaAMit@ErroltiHer abe
appearancetcefl | Pi witheir numbers increase

through devel opment .

61. 2An unexpected pause I n pr ol
met amor phosi s

I identified two unexpected halts 1in pr
Hy dr actthianti ahad not previ.B8ys I3y HoPeve B Itidhees cir

appeared to slow down their previous rate

i n the metamorphosing | arvae stopped cycl
could be linked to the apO$daiogp,c Saohmivdh
Leitz,sh2o0weld an apoptotic wave occurs bet
12 HPM, no apoptotic cells are visible. /
cell s, the priority of the metamorphosin
Piwceglls from the endoderm to the ectode
epidermis where theyxeptslifaerabhejraspedul
61. Bc.el | progenitors

This t hessiggebdoadPitwiek| | s that were iden
endoderm of early embryos are t-bel Ipg.oge

Pi wicell s were trackacbellel fsrtoang et hael | 3 2t/h6ed

embryogenesi s, met amorphosis and the pri
showrf Chmysost omou, letalada ,od@s0e2r2s)emhi g hat e
the ectoderm at 12 HPM where they wild/l r e
Hydr aa@atnidniwva | | give rise to all somatic c
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ck, C€B&8Bp)er 3 has shown that in the
erived fromeltlh.e TpHe rprpeosteemcte iof t he
ogenesi s raises some interesting qu
ed frdmethe Pdwnttified in the earl’
er maxleldelplrsogieni tors and do they act

g embryogenesi s?

y investigateewhetthlat tdhrei £#e wedr |l vy
rc efld st, ilas we under sHydrda dthieen aoult d e
to transplant &a/GFiPeghnbeyboabhtkéabben P
b-t@FRUl i n: : mScarl et into a wild typ
ting |ineage. However, this has sevc¢
ome. Firstly, GFMydax pareansibsmiiyoans i dho &€ § am
e till at -fl eratsit| ils8a mhiiosusrisn gphoshte cr u c i
stage to titcckdrt i fAY stohe tdiemegel @ si no di

mor phol ogy béawden hedrd ord elrienialls a't t h

er stages of embryogenesi s. Theref
would not be possible. A possibl e s
ciate a Simtgubeul Pnwi txSel&lF P e imb r6y4o a
pl ant each cell Dblindly into another
ng could then confirm if a single
potent. This method wouil rde mtolty bat tprei

to*takel Piwdédnti fied in the endoderm
there was a single pluripotent cel/l
rise to the same <cell-cdlylpesand.haButa
ssed i n Chapter 3, transplantation

iously tricky and requires multiple



61. Adulctelil s are pluripotent

Ani mals are made up of a variety of <cell

and behavGemwerr ating the necessary cell s 1
i ndi vidual is a tremendous task during er
Adult tissue is subject to daily attritdi
aging. To -eesmr s uoksetn gcaell,| sl must be restor
and their progeny. Il n many vertebrates, i

produce specific celtli stsyupee sort hoartg asnu ptphoeryt

Chapter 3, | showeld tihatr equiyr echef or ¢ o my
al |l cel l tyHdedr a wtoiaminggeduwhet her the cell
the stolon, feeding polyp or sexua-l pol vy
cell could generate germ cells, that mat.!
fertilised, ul ti mately gegqetrhaat enlgln ac cnwelwd
generate all cel l types and germ cell s v
pl uri potency of the cell. The necessity o

to the col onithydrnachatoirmiadof Néeessary stru
far reaches of the colony depend on the

proliferate and differentiate qu-ceklyg to
had a more | imited potentriyalstdaradelclourd at
present in a distant area of the colony

expansi on.

This work revealed the impact a single c:¢
outcome was striking,; a single cell (eve
coul dr esredw and differentiate to the point

the <cell si pafentthe Itec urther hi ghlighted

somati c cells and the very real hazard
genetical Hyddasthmgd emphasi sing t he i mp
all orecognition system iwnpensai oft @linaotine d C
i ndi vildhualosant rast, multiple somatic cell
Chapter 4, revealed that a*smumahte rc ecxeddesd
no I-toenrgm i mpact on the overall phenotype

study was that despite the sheer number

identify any of the cell types that were
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were transplanted in an effort to increa
types would be represented across the tI
experiment truly highlighted the disposa

hi ghlighted otf hachedeldse sfsart ycl onal expansi on

I n Chapter 3, I showed that 5 out of 12C¢C
tissue with a«red ltr dmegeénimé tii ng factor on
unpredictadfiellilt ywi gfr athe®ni whi ch made it d
-cel | amoavye from the other transgenic cell.

mi grati on coul d happen at any poi nt o f

di fferentiation would follow. -Aelrlosselaf |
renewal , differenongtiakeoared. oVéaral wWaso!
had been prepared for possibly some sampl
as tdhel |li popul ation could be heterogeneo
popul ati on i s heterogenous withrsomd ne
di ffereihuwamt Wohf swinkel, WagnerT,he& eRéedd
neobl ast population is composed of both
as many -rldsnteraigcet ed progenitors. Roughly
planarian'@eebPawit . Only ~15% of them al
to rescue a | ethal-Lellirhatieabgenainti yna h a
conf i rHyeddr a dbtuitniteher e has been some review

that have suggested t hecelrlesleingaelaaprda nntoar e
D2az, et al ., unpublished; Ga,habnut Bwhaedtshhes
t hey can be -cceolnlssiod eirsedy efiti t o be seen. | n
PiWichel | s were transepl apbed!| atfonhhesi hete
more |licmiltedliineages (as seen i h 4fleddasri ar
are the pluripotent stem cell s, hence th
Perhaps 'thepwPliatii on constitutes!|her ®rl imai

just cooasetlitptegenitors. At this moment \

Much dddckel s, pl anayranadn sma rtiunnei, cfaltreatssvo Ir imk e |
supply of pluripotent stHymr aset kB eagiev et h
regenerati(WMeutbn] i Wwuwdar ski, Grudni ewsk a,
Pfister, et al., 2007; Wagner, Wang, & R
Reddi en, N®stor, Jennings, Jenkin, & S8n
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202.34) It bpdse species are quite distantly

Therefore, pluripotency may either have

mul tiple times. Studies have shown that

-cell s are highl yt hceonasreirmel@ Skailcm godsasme r , e
202,4)consi stent with pluripotency being a
61. Phe stem cell ni che

I n this stwédy)] sswelrenalixcil usi vely isol at e
renew and generate cell types for all p o
al i ke. I al so showed that cut pol yps gel
culturing ithmgsr eowmlftity mgBsadshawn ©Dlyompso
Frank,. 2DHi59 i ndi ccaetlelds tihmtt htehestiol on an
spatially restricted, single cell type.

An interestiHygrasipetlt aofvas their abilit:
pluripotent stat e, even whil eMumihgrlaitk en g
pl anarians, there doesnodét seem to be a st
as they can be found in the epidermis of
t he hypo(sStaolrbema ags e dr a, Febri mar sa, Kraso
Baxevanipsp, R028&m cell niche is an envi i
regul ates the proliferative states of st
ensures that the stem cell pool does not
and also doesnoét oVvihre pmrea Iml fi edrea tset ean tcheel
Caenorhabdiiss maiegansed by proximity of
Di st al Tip Cell, which resides in the me
the proximity of the Distal Ti p @dl |, [
di ffer(ebBywricat& Ki mblPerhape9) the more prec
ni che seen i n ma mmal s and S 0 me Il nverte
Hydr acQri ngear haps, the epidermis acts as t
Thi s opens many i nteresting guestions

t hroughout t he col onyc emadi nsttae mmn edsdslel ag | odk
autonomously regulate theiar uowmuet ¢ mae 313
Hy d r a ceti it miea , as it has also been an ongc
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mo d e | as wel | . Sever al publications h a\
pl anarian neoblast stemness being regul at
signals which would be released byYhuhe d
& Pearson, 2016; Rossi & Salvetti, 2019)

61. Bpithelial cells @guxaliibtiitesio sten
|l €Chapter 4, | 1 v eA ctt-ti: ancCkA Pn gmoosfaiac @Ohi mal s
epithelial cells in the extremities of

position for a periHydcafl |atprloé¢adter ad4i day
column continually displaces the epithel
of the tentacle, bud and peduncl e.

I  f ourHd dtr madtpiinihae |l i al cell s remain statioc
vi sual signs of proliferation while in t
o f macerated polBygpleEdncevead &@di cnmo i n 620 €
while ~&EB8@%laef (from the same polyps) inco
i ncubation of 30 minutes. This suggested
epithelial cells are not orstoun(dBy awerhya ws | c
Thompson, & Fr armlowed0 X Hhat during head r
epithelial cells were imahmealtleed nwiutblat EdW . ¢
suggested that during homeostasi s, epith
may not occur at al lc.elAss nlmaae choenetni nsuhoauven , <
set énewal and support cel l turnover 0
(Chrysostomou, has m@mhdevi o2u0s22) shown that
proliferate too. Nematocytes also do not

presence of the nematocyct capsul e.

My findings show a | ack of passive displ
the epithelHydalracelchotnd of mi ng that the e
Hy dr acdtoi nnicat fit the <criteria to be term

been desdiyidbad i n



61. 7nduci bl e cell ablati dHydsyusttemiea

A new inducible cell abl d&tyidam dgni sGiheanp twears
5. A Rf ami d@&FP NGIOR2.rlansgeni c mosaic ani mal
this clone, the addition of the innocuou
the "@FRUrons within two days of incubatio
mosaic GO, three out of the temeabloated

after two days. The intrilyddircd acctoimmaai t i s

opens up exciting avenues fcdr oifnweedtli gsapte

abl ation to the whole animal. 1t also all
to be investigated too. Il n particul ar, a
Piwicglls would be an effective tool to a
of all somatic cektksl 8n Phehapseaceoonte e
than that performed in Chapter 4, as it w
types. Addi gy otnam!|l gpoultthhebe used to remo
endoder macle IPhssvp(tl&r 2) to assess the | mpa:«

embryonic devel opment and t he di fferent
embryogenesis. This would depend on the
it appears to be ofCuernadcoe!l ISttayipgne esp e & fAin
Sharrock, et al ., 2022)



62. Concluding Remar ks

Thélydradtehia have always been an intriog
since they were first described im®M01883 b

years passing since their i nitial descri
potential this stem cell popul ation exhil
I n this thecselsl, ppruatgaetnivteoris were i denti fi
embryogenesi s. However, the mechanism by
determined. Additionally, an unexpected
proliferatieodn dwarsi nogb sneerava momtpihroesliys new o0b:

i lydractinia

Previous studies suggesteéetistwareatpepsba
somatic and germ c@EeM{lIsl am, aThe oi,n d&l vH rdaumak s
t hesi s, | was able -tel coabulrdt ghae Bi sen
i nHydractdehiaitively confirming t he pl ur
hi ghlighting the first hydrozdygdrwicth nam
camow join the ranks of acoel s, mari ne

regenerative model organisms with | ifel ol

I al so showed t hadty de pidtoh enioata | e xcheilbist isnt e
gualities and thatHydkerwa atpisitihadel kal ycatl se
mi gration and eiefl flesr ernattihaetri otnh aonf tihe cont
of epithelial cells. Additionally, | ar ge
l ongrm contri buti on srptvoiwdairndgs ftuhret haenri manl d i

no-ncell s do not al so exhibi't stem cel | [ i

This thesis has truly emdHas ihsaevde tihne hcorme
and support of the somatic and germ cel |
thas a cosovmati velyell lasatroehiesssenti addy di s
al | cel |l type-selsltle mAnfdriovwhyd uhaelditsi ydieagne nd e nt

on only one -calrle. cel |l : the i
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Figure Appendix 2. Maxi mumcprppeati®o
cell s and somati c cell s after 30 r
met amor phosis stages.
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