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Introduction

Ad u l t s t em c el l s a n d pr o g e n it o r c el l s r e q u ir e me t a bo l ic pl a s t ic it y in o r d e r t o a d a pt t o a q u ie s c e n t o r h ig h l y pr o l if e r a t iv e s t a t e , r e s pe c t iv el y . St em c el l s pr e f e r e n c e f o r a e r o bic g l y c o l y s is r a t h er t h a n o x id a t iv e ph o s ph o r y l a t io n h a s be en pr o po s ed t o be d u e t o t h e h y po x ic en v ir o n men t in w h ic h t h e y r e pl ic a t e a n d t h e r e l a t iv e l y l o w en e r g y r e q u ir emen t o f t h eir q u ies c en t s t a t e [START_REF] Bigarella | Stem cells and the impact of ROS signaling[END_REF][START_REF] Norddahl | Accumulating mitochondrial DNA mutations drive premature hematopoietic aging phenotypes distinct from physiological stem cell aging[END_REF][START_REF] Yeo | FoxO3 coordinates metabolic pathways to maintain redox balance in neural stem cells[END_REF]. Al r e a d y a d e c a d e a g o , Pr o z o r o v s k i e t a l . h a v e h ig h l ig h t e d t h e r o l e o f r e d o x s ig n a l in g in t h e r e g u l a t io n o f n e u r a l pr o g e n it o r f a t e [START_REF] Prozorovski | Sirt1 contributes critically to the redox-dependent fate of neural progenitors[END_REF]. Th e r e d o x pa t h w a y h a s be en pr o po s e d t o r e g u l a t e n eu r a l s t em c el l s el f -r en ew a l a n d n eu r o g en e s is v ia PI3K/Ak t s ig n a l in g , f u r t h e r h ig h l ig h t in g t h e ph y s io l o g ic a l n e ed f o r ROS a s c e l l u l a r s ig n a l in g mo l e c u l es [START_REF] Le Belle | Proliferative neural stem cells have high endogenous ROS levels that regulate self-renewal and neurogenesis in a PI3K/Akt-dependant manner[END_REF]. Tu mo r c el l s c a n a l s o h ig h ja c k t h e r ed o x pa t h w a y by mo d u l a t in g t h eir e n d o g en o u s l e v e l s o f ROS a n d d o w n s t r e a m pr o d u c t s t o a l l o w t u mo r pr o g r e s s io n [START_REF] Gorrini | Modulation of oxidative stress as an anticancer strategy[END_REF][START_REF] Piskounova | Oxidative stress inhibits distant metastasis by human melanoma cells[END_REF][START_REF] Zhou | Reactive oxygen species in normal and tumor stem cells[END_REF]. Ov e r a l l t h e s e r e po r t s h ig h l ig h t t h e impo r t a n c e o f ROS l e v el r eg u l a t io n f o r d iv e r s e ph y s io l o g ic a l f u n c t io n s . Ho w e v e r t o d a t e , t h e "metabolic master switch that determines the fate of neural progenitors" r ema in u n c h a r a c t e r ize d [START_REF] Prozorovski | Sirt1 contributes critically to the redox-dependent fate of neural progenitors[END_REF].

H 2 O 2 h a s r e c e n t l y eme r g ed a s t h e ma jo r r e d o x me t a bo l it e t h a t a c t s a s a n e s s en t ia l me s s en g e r f o r s ev e r a l f u n d a men t a l pr o c e s s e s s u c h a s in f l a mma t io n , h y po x ia r e s po n s e , r eg e n e r a t io n a n d w o u n d -h ea l in g , c e l l pr o l if e r a t io n , s t em c e l l s e l f -r en e w a l , t u mo r ig e n e s is , a g in g a n d d ia bet es [START_REF] Holmström | Cellular mechanisms and physiological consequences of redox-dependent signalling[END_REF][START_REF] Sies | Oxidative Stress[END_REF][START_REF] Sies | Hydrogen peroxide as a central redox signaling molecule in physiological oxidative stress_ Oxidative eustress[END_REF]. In f is h a n d a mph ibia n s , c el l pr o l if er a t io n f o l l o w in g t o in ju r y c o r r el a t es w it h t h e in c r e a s e in t h e a mo u n t s o f H 2 O 2 a t t h e s it e o f a mpu t a t io n [START_REF] Niethammer | A tissue-scale gradient of hydrogen peroxide mediates rapid wound detection in zebrafish[END_REF][START_REF] Love | Amputation-induced reactive oxygen species are required for successful Xenopus tadpole tail regeneration[END_REF][START_REF] Hameed | Environmental changes in oxygen tension reveal ROS-dependent neurogenesis and regeneration in the adult newt brain[END_REF]. Du r in g t h e c e n t r a l n e r v o u s s y s t em (CNS) d e v e l o pme n t , w e a n d o t h e r s h a v e r e po r t ed a ph y s io l o g ic a l f u n c t io n f o r H 2 O 2 in c o n t r o l l in g a x o n g r o w t h a n d r e g e n e r a t io n [START_REF] Gauron | Hydrogen peroxide (H2O2) controls axon pathfinding during zebrafish development[END_REF][START_REF] Meda | Nerves Control Redox Levels in Mature Tissues Through Schwann Cells and Hedgehog Signaling[END_REF][START_REF] Hervera | Reactive oxygen species regulate axonal regeneration through the release of exosomal NADPH oxidase 2 complexes into injured axons[END_REF][START_REF] Rieger | Hydrogen peroxide promotes injury-induced peripheral sensory axon regeneration in the zebrafish skin[END_REF][START_REF] Wilson | From birth to death: A role for reactive oxygen species in neuronal development[END_REF]. In o u r pr ev io u s s t u d y , w e r ev ea l ed a d y n a mic l a n d s c a pe o f H 2 O 2 l ev el s d u r in g mo r ph o g en es is , r eg u l a t e d t h r o u g h d e g r a d a t io n t o en s u r e a ppr o pr ia t e l ev el s in vivo [START_REF] Gauron | Hydrogen peroxide (H2O2) controls axon pathfinding during zebrafish development[END_REF].

In the present study, we sought to determine the role of the redox pathway and lipid peroxidation products as its possible mediators during the development of the zebrafish retina, taking advantage of its welldefined architecture and cell organization. At 2 days post fertilization (dpf) during zebrafish retinogenesis, retinal progenitor cells (RPCs) start differentiating in a central to peripheral manner. By 3 dpf, the central retina is fully differentiated and a peripheral stem cell niche, known as the ciliary marginal zone (CMZ), forms to ensure tissue homeostasis throughout the lifelong growth of the fish. The CMZ is comprised of three main cell domains demarcated by the expression of different transcription factors: the rx2 domain, which contains RSCs (retinal stem cells) and RPCs, the ccnd1 (zebrafish equivalent to cyclinD1) domain where cycling progenitors are found and an atoh7 domain (also called ath5), which contains cycling and committed RPCs (Agathocleous and Harris, 2009;[START_REF] Ohnuma | Neurogenesis and the cell cycle[END_REF][START_REF] Reinhardt | Sox2, Tlx, Gli3, and Her9 converge on Rx2 to define retinal stem cells in vivo[END_REF][START_REF] Wan | The ciliary marginal zone of the zebrafish retina: clonal and time-lapse analysis of a continuously growing tissue[END_REF]. This precise spatial and temporal organization makes the zebrafish retina an excellent model to assess the effects of ROS and downstream products on stem cell and progenitor cell population in vivo. A downstream product of ROS is the peroxidized lipid 9hydroxystearic acid (9-HSA), which we found endogenously produced in human embryonic intestine cells and colon adenocarcinoma as signaling messenger produced by lipid peroxidation. The amounts of 9-HSA in cancer cells inversely correlating with tumor growth making it a candidate endogenous mediator of redox signaling in proliferative tissues [START_REF] Bertucci | Gas chromatography/mass spectrometric assay of endogenous cellular lipid peroxidation products: quantitative analysis of 9-and 10-hydroxystearic acids[END_REF][START_REF] Calonghi | Modulation of apoptotic signalling by 9-hydroxystearic acid in osteosarcoma cells[END_REF][START_REF] Cavalli | Identification of the peroxidation product hydroxystearic acid in Lewis lung carcinoma cells[END_REF][START_REF] Gesmundo | In vitro effects of hydroxystearic acid on the proliferation of HT29 and I407 cells[END_REF][START_REF] Piretti | Proposal of an analytical method for the study of the oxidation products of membrane lipids[END_REF][START_REF] Piretti | Systematic isolation and identification of membrane lipid oxidation products[END_REF]).

Here we reveal the in vivo physiological role of the redox pathway and lipid peroxidation during retinal development and homeostatic maintenance of the mature retina. Our results bring to light the cascade of events that leads to the up-regulation of pro-neuronal genes in RPCs, which are required for transition from proliferation to differentiation.

Results

ROS scavenging and lipid peroxidation are active during retinal development

ROS h o meo s t a s is , r es u l t in g f r o m t h e ir pr o d u c t io n a n d d eg r a d a t io n w it h in a t is s u e , is t ig h t l y r eg u l a t e d a s s h o w n f o r H 2 O 2 r e g u l a t io n d u r in g mo r ph o g e n e s is [START_REF] Gauron | Hydrogen peroxide (H2O2) controls axon pathfinding during zebrafish development[END_REF]. To u n c o v e r t h e d y n a mic o f H 2 O 2 pr o d u c t io n d u r in g t h e d e v el o pmen t o f t h e r e t in a , w e f ir s t u s ed e mbr y o s t r a n s g en ic a l l y ex pr e s s in g a r a t io met r ic s en s o r (Hy Pe r ) t h a t w e pr ev io u s l y e s t a bl is h e d a s a r e po r t e r f o r e n d o g e n o u s l e v e l s o f H 2 O 2 a n d t h e a t o h 7:g a p-RFP ma r k e r l a bel in g t h e f ir s t d if f e r en t ia t ed c el l s in t h e n eu r o e pit h el iu m (Tg (ubi:HyPer); Tg (atoh7:gap-RFP)) [START_REF] Gauron | Hydrogen peroxide (H2O2) controls axon pathfinding during zebrafish development[END_REF]. We ima g ed z e br a f is h r et in a e a t t w o s pe c if ic d e v e l o pmen t a l s t a g es : a t 24 h o u r s po s t -f e r t il iz a t io n (h pf ) w h e n t h e u n d if f e r en t ia t ed n e u r o e pit h el iu m is h ig h l y pr o l if e r a t iv e a n d a t 32 h pf w h en d if f e r e n t ia t io n h a s s t a r t ed in t h e c e n t r a l pa r t o f t h e t is s u e (Fig u r e 1A -A'). We o bs e r v ed a s t r o n g c o r r el a t io n be t w e en c el l pr o l if er a t io n a n d h ig h l ev el s o f H 2 O 2 . At 24 h pf , h ig h a mo u n t s o f H 2 O 2 c o u l d be o bs e r v e d t h r o u g h o u t t h e pr o l if e r a t in g e pit h el iu m. In c o n t r a s t , a t 32 h pf t h e c en t r a l pa r t o f t h e t is s u e w a s [START_REF] Zolessi | Polarization and orientation of retinal ganglion cells in vivo[END_REF]. In d ee d , q u a n t if y in g H 2 O 2 l ev el s a c r o s s t h e t is s u e s h o w e d t h a t H 2 O 2 l ev el s r e ma in h ig h a t t h e pe r iph e r y o f t h e d e v el o pin g r et in a w h e r e r et in a l pr o g en it o r s a r e s t il l pr o l if e r a t in g , w h il e t h e y a r e d r a s t ic a l l y d e c r e a s e d in t h e c en t r a l pa r t o f t h e t is s u e w h e r e d if f e r en t ia t io n h a s bee n in it ia t e d (Fig u r e 1B). Th e s e r e s u l t s r ev ea l t h e d y n a mic s o f H 2 O 2 pr o d u c t io n in r e l a t io n t o c el l d if f e r en t ia t io n a n d pr o l if e r a t io n in t h e r e t in a a n d s u g g es t a pu t a t iv e r o l e o f t h is pa t h w a y f o r t h e d e v el o pmen t o f t h e t is s u e.

To g et in s ig h t in t h e s o u r c e o f H 2 O 2 , w e in v es t ig a t e d t h e ex pr e s s io n o f t h e s u pe r o x id e d is mu t a s e 2 (So d 2) in t h e r et in a a t 3 d a y s po s t -f e r t il iza t io n (d pf ). In t h e mit o c h o n d r ia , So d 2 a c t s a s a n a n t io x id a n t en zy me by c o n v e r t in g s u pe r o x id e a n io n s , a by pr o d u c t o f t h e mit o c h o n d r ia l el e c t r o n t r a n s po r t c h a in , in t o H 2 O 2 a n d O 2 [START_REF] Candas | MnSOD in oxidative stress response-potential regulation via mitochondrial protein influx[END_REF]. By d o u bl e f l u o r e s c e n t in situ h y br id iz a t io n , w e c o mpa r ed t h e ex pr e s s io n o f sod2 t o t h e r e t in a l h o me o bo x g e n e rx2 w h ic h , rx2 l a be l s s t e m a n d e a r l y pr o g e n it o r c el l s in t h e CMZ o f t h e 3 d pf z e br a f is h r et in a (Fig u r e 1C -C"') [START_REF] Wan | The ciliary marginal zone of the zebrafish retina: clonal and time-lapse analysis of a continuously growing tissue[END_REF]. We f o u n d t h a t sod2 a n d rx2 c o -l a bel t h e CMZ, po in t in g t o w a r d t h is e n z y me a s a s o u r c e o f H 2 O 2 in s t em a n d pr o g e n it o r c e l l s .

We n ex t a ime d a s s e s s e d h o w H 2 O 2 s c a v en g in g o c c u r s in t h e z e br a f is h r et in a o v e r t ime . We f ir s t e v a l u a t e d t h e e x pr e s s io n d y n a mic s o f catalase, w h ic h e n c o d e s a n a n t io x id a n t e n z y me Ca t a l a s e , w h ic h t r a n s f o r ms H 2 O 2 in t o w a t e r a n d o x y g en .

Ca t a l a s e is a t t h e en d o f t h e a n t io x id a n t pa t h w a y t h a t r eg u l a t e s c e l l u l a r o x id a t iv e s t a t e o s c il l a t io n s , pr o v id in g a pr o t e c t io n a g a in s t ROS-in d u c ed d a ma g e s [START_REF] Lynch | Permeation of the erythrocyte stroma by superoxide radical[END_REF][START_REF] Rhee | Peroxiredoxins: a historical overview and speculative preview of novel mechanisms and emerging concepts in cell signaling[END_REF][START_REF] Sies | Role of reactive oxygen species in biological processes[END_REF][START_REF] Spitz | Metabolic oxidation/reduction reactions and cellular responses to ionizing radiation: a unifying concept in stress response biology[END_REF]. We pr ev io u s l y r e po r t ed t h a t catalase ex pr es s io n o c c u r s ma in l y in t h e br a in w h e r e f in e-t u n in g o f H 2 O 2 l ev el s is a c h iev ed by d e g r a d a t io n [START_REF] Gauron | Hydrogen peroxide (H2O2) controls axon pathfinding during zebrafish development[END_REF] ROS in c l u d in g H 2 O 2 c a n r ea c t w it h po l y u n s a t u r a t e d f a t t y a c id s o f t h e l ipid membr a n e a n d in d u c e l ipid pe r o x id a t io n . We t h u s a n a l y z ed t h e l e v e l s o f in vivo l ipid pe r o x id a t io n in t h e r et in a a t 3 d pf u s in g t h e l ipid pe r o x id a t io n s en s o r BODIPY-C11, w h ic h c o n v e r t s ir r ev e r s ibl y f r o m r ed t o g r ee n w h e n o x id ize d [START_REF] Drummen | C11-BODIPY(581/591), an oxidation-sensitive fluorescent lipid peroxidation probe: (micro)spectroscopic characterization and validation of methodology[END_REF][START_REF] Bapat | Visualizing Tubular Lipid Peroxidation in Intact Renal Tissue in Hypertensive Rats[END_REF][START_REF] Sasaki | Neuroprotective effect of an antioxidant, lutein, during retinal inflammation[END_REF] [START_REF] Barrera | Lipid peroxidation: control of cell proliferation, cell differentiation and cell death[END_REF][START_REF] Barrera | Oxidative stress and lipid peroxidation products in cancer progression and therapy[END_REF][START_REF] Pizzimenti | The 'two-faced' effects of reactive oxygen species and the lipid peroxidation product 4-hydroxynonenal in the hallmarks of cancer[END_REF]. We a s s e s s e d t h e l e v e l s o f 4-HNE in RPCs a n d d if f e r e n t ia t e d n eu r o n s a t 3 d pf by immu n o h is t o c h emis t r y [START_REF] Schneider | Two distinct pathways of formation of 4-hydroxynonenal. Mechanisms of nonenzymatic transformation of the 9-and 13hydroperoxides of linoleic acid to 4-hydroxyalkenals[END_REF] 

9-HSA lipid peroxidation product is produced endogenously in zebrafish

In s e a r c h o f a po s s ibl e mo l e c u l a r me c h a n is m t h a t c o u l d l in k H 2 O 2 h o me o s t a s is a n d l ipid pe r o x id a t io n t o c el l pr o l if e r a t io n a n d d if f e r e n t ia t io n in t h e r e t in a , w e it a c t s a s a g r o w t h in h ibit o r [START_REF] Cavalli | Identification of the peroxidation product hydroxystearic acid in Lewis lung carcinoma cells[END_REF][START_REF] Calonghi | Modulation of apoptotic signalling by 9-hydroxystearic acid in osteosarcoma cells[END_REF][START_REF] Gesmundo | In vitro effects of hydroxystearic acid on the proliferation of HT29 and I407 cells[END_REF]. Giv e n it s impo r t a n c e in h u ma n c a n c e r c el l mo d el s , w e a s s e s s e d w h e t h e r 9- 

Exogenous administration of 9-HSA leads to retinal differentiation defects

We n ex t a s k ed w h et h e r 9-HSA h a s a r o l e in RPC d if f e r en t ia t io n in t h e r et in a . To ph o t o r e c e pt o r ma r k er , t h e mo s t c e n t r a l pa r t o f t h e r e t in a a ppe a r e d t o be mo r e a f f e c t ed t h a n t h e per iph e r a l r eg io n s (Fig u r e 2D'). Th is c a n be e x pl a in e d by t h e r e t in a l d if f e r e n t ia t io n pr o c e s s , w h ic h t empo r a l l y pr o pa g a t es f r o m t h e c e n t r a l r e t in a t o t h e pe r iph e r y [START_REF] Stenkamp | Neurogenesis in the fish retina[END_REF]. Th e r e f o r e c el l s in t h e d is t a l pa r t u n d e r g o n e u r o n a l d if f e r en t ia t io n a t l a t e r d e v e l o pme n t a l s t a g e s , w h e n e x o g en o u s 9-HSA a mo u n t s ma y h a v e s t a r t e To g et h e r o u r r es u l t s d e mo n s t r a t e t h a t RPCs o v e r e x po s ed t o 9-HSA d u r in g ea r l y d e v el o pmen t f a il t o a ppr o pr ia t el y d if f e r en t ia t e w it h o u t u n d e r g o in g a po pt o s is .

RPCs exposed to high levels of 9-HSA remain proliferative

9-HSA s u ppl emen t a t io n t o t h e h u ma n c o l o n c a n c e r c e l l l in e HT29 s t r o n g l y in h ibit s c el l pr o l if e r a t io n a n d s h if t s c e l l u l a r d if f e r e n t ia t io n t o w a r d a be n ig n ph en o t y pe [START_REF] Calonghi | Histone deacetylase 1: a target of 9-hydroxystearic acid in the inhibition of cell growth in human colon cancer[END_REF][START_REF] Parolin | Mechanism and stereoselectivity of HDAC I inhibition by (R)-9-hydroxystearic acid in colon cancer[END_REF]. To ev a l u a t e t h e ef f e c t o f 9-HSA o n To g et h e r t h e s e r e s u l t s s h o w t h a t 9-HSA pr e v e n t s RPCs f r o m e x it in g t h e c el l c y c l e , h o l d in g t h em l o n g e r in a pr o l if e r a t iv e s t a t e w it h a n in c r e a s e d c e l l c y c l e l en g t h . Th e s e r e s u l t s a r e in c o n t r a s t t o 9-HSA's ef f e c t in vitro w h e r e it a c t s a s a g r o w t h in h ibit o r [START_REF] Calonghi | Histone deacetylase 1: a target of 9-hydroxystearic acid in the inhibition of cell growth in human colon cancer[END_REF].

9-HSA affects embryonic and post-embryonic RPC proliferation by activating Notch and Wnt pathways

Th e pr o l if e r a t iv e a n d n e u r o g e n ic d ef e c t ph en o t y pe s o bs e r v e d in 9-HSA t r ea t ed r e t in a e c o u l d be a c o n s e q u e n c e o f t h e a c t iv a t io n o f pr o -pr o l if e r a t iv e s ig n a l in g pa t h w a y s s u c h a s No t c h a n d c a n o n ic a l Wn t s ig n a l in g pa t h w a y s [START_REF] Livesey | Vertebrate neural cell-fate determination: lessons from the retina[END_REF][START_REF] Kubo | Wnt2b controls retinal cell differentiation at the ciliary marginal zone[END_REF][START_REF] Yamaguchi | Histone deacetylase 1 regulates retinal neurogenesis in zebrafish by suppressing Wnt and Notch signaling pathways[END_REF][START_REF] Van Raay | Frizzled 5 signaling governs the neural potential of progenitors in the developing Xenopus retina[END_REF][START_REF] Kubo | Wnt2b inhibits differentiation of retinal progenitor cells in the absence of Notch activity by downregulating the expression of proneural genes[END_REF][START_REF] Nadauld | Dual roles for adenomatous polyposis coli in regulating retinoic acid biosynthesis and Wnt during ocular development[END_REF][START_REF] Stephens | Loss of adenomatous polyposis coli (apc) results in an expanded ciliary marginal zone in the zebrafish eye[END_REF][START_REF] Denayer | Canonical Wnt signaling controls proliferation of retinal stem/progenitor cells in postembryonic Xenopus eyes[END_REF]Agathocleous et al., 2009;[START_REF] Andreazzoli | Molecular regulation of vertebrate retina cell fate. Birth defects research[END_REF][START_REF] Meyers | β-catenin/Wnt signaling controls progenitor fate in the developing and regenerating zebrafish retina[END_REF][START_REF] Pérez Saturnino | Notch signalling patterns retinal composition by regulating atoh7 during post-embryonic growth[END_REF]. In d ee d bo t h pa t h w a y s h a v e bee n s h o w n t o pr o mo t e pr o l if e r a t io n o f RPCs :

No t c h s ig n a l in g in h ibit s d if f e r en t ia t io n by a c t iv a t in g o f t h e n e u r o g e n ic in h ibit o r her4 (a l s o k n o w n a s hes5 in ma mma l s ) t h a t bl o c k s pr o -n e u r o n a l bHLH g e n e e x pr e s s io n (Artavanis-Tsakonas, Rand and Lake, 1999; [START_REF] Hatakeyama | Hes genes regulate size, shape and histogenesis of the nervous system by control of the timing of neural stem cell differentiation[END_REF], a n d c a n o n ic a l Wn t s ig n a l in g pr o mo t e s pr o l if e r a t io n a n d a c t iv a t e s d o w n s t r e a m t a r g et g en e ex pr e s s io n in c l u d in g t h e c e l l c y c l e r eg u l a t o r s c-myc a n d cyclinD1 [START_REF] He | Identification of c-MYC as a Target of the APC Pathway[END_REF][START_REF] Shtutman | The cyclin D1 gene is a target of the beta-catenin/LEF-1 pathway[END_REF][START_REF] Tetsu | Beta-catenin regulates expression of cyclin D1 in colon carcinoma cells[END_REF]. We t h e r e f o r e a s k ed w h e t h e r 9-HSA c o u l d h a v e a n e f f e c t o n t h e e x pr e s s io n o f t h e s e t h r e e t a r g et s , l ea d in g t o t h e o bs e r v e d RPC pr o l if e r a t iv e ph e n o t y pe . At 2 a n d 3 d pf , her4.2 e x pr e s s io n in t h e r e t in a w a s r es t r ic t ed t o t h e f o r min g CMZ in t h e DMSO-in je c t e d embr y o s . In 9-HSA t r ea t e d e mbr y o s , her4.2 ex pr es s io n w a s in s t e a d h ig h l y in c r ea s ed bo t h in t h e c e n t r a l pa r t o f t h e t is s u e a t 2 d pf a n d in t h e CMZ a t 3 d pf , w h ic h a ppe a r e d e x pa n d e d (Fig u r e 3A -D). To c o n f ir m t h e s e r e s u l t s , w e in jec t ed 9-HSA in t h e r e po r t e r l in e f o r her4 e x pr e s s io n Tg (her4:dRFP) a t 1, 2 a n d 3 d pf [START_REF] Yeo | Fluorescent protein expression driven by her4 regulatory elements reveals the spatiotemporal pattern of Notch signaling in the nervous system of zebrafish embryos[END_REF]. . We a l s o t e s t ed t h e ex pr es s io n o f a n o t h e r k n o w n t a r g et o f t h e Wn t pa t h w a y , cyclinD1, w h ic h e x pr e s s io n w a s pr ev io u s l y r e po r t ed in c y c l in g RPCs [START_REF] Yarden | Zebrafish cyclin D1 is differentially expressed during early embryogenesis[END_REF][START_REF] Masai | The hedgehog-PKA pathway regulates two distinct steps of the differentiation of retinal ganglion cells: the cell-cycle exit of retinoblasts and their neuronal maturation[END_REF][START_REF] Ohnuma | Co-ordinating retinal histogenesis: early cell cycle exit enhances early cell fate determination in the Xenopus retina[END_REF]. CyclinD1 ex pr e s s io n w a s a l s o ex pa n d ed in 9-HSA -t r e a t ed r e t in a e r el a t iv e We q u a n t if ie d t h e ex pr e s s io n l e v e l c h a n g es o f her4.2, c-myc, cyclinD1 a n d p27 (a n o t h e r c e l l c y c l e e f f e c t o r ) in 9-HSA in je c t e d embr y o s v e r s u s DMSO-in je c t ed e mbr y o s w e r e a l s o mea s u r e d by q u a n t it a t iv e r ea l -t ime PCR (q RT-PCR) o n RNA e x t r a c t s o f d is s e c t e d 2 d pf embr y o n ic h ea d s . 9-HSA t r e a t me n t in d u c e d a s ig n if ic a n t in c r e a s e in t h e ex pr e s s io n l ev el s o f her4. Ta k en t o g et h e r , o u r r e s u l t s s h o w t h a t a c t iv a t in g pr o -pr o l if e r a t iv e pa t h w a y s l ik e No t c h a n d Wn t pa t h w a y s a r e me c h a n is m t h r o u g h w h ic h , 9-HSA a f f e c t s t h e pr o l if e r a t io n o f RPCs d u r in g r e t in a l d ev el o pme n t a n d t is s u e g r o w t h .

To g et h e r t h e s e r es u l t s s h o w t h a t a c t iv a t io n o f No t c h s ig n a l in g is a me c h a n is m t h r o u g h w h ic h

9-HSA inhibits Hdac1 activity in vivo in a tissue-specific manner

We pr ev io u s l y d emo n s t r a t ed t h a t t h e t u mo r g r o w t h in h ibit o r y ef f e c t o f 9-HSA o n h u ma n c o l o n c a r c in o ma c el l s (HT29) in vitro w a s med ia t e d t h r o u g h a d ir e c t f a t t y a c id in t e r a c t io n w it h h is t o n e d e a c e t y l a s e 1 (Hd a c 1), d e c r e a s in g it s e n z y ma t ic a c t iv it y [START_REF] Calonghi | Histone deacetylase 1: a target of 9-hydroxystearic acid in the inhibition of cell growth in human colon cancer[END_REF][START_REF] Parolin | Mechanism and stereoselectivity of HDAC I inhibition by (R)-9-hydroxystearic acid in colon cancer[END_REF]. In z e br a f is h Hd a c 1 w a s s h o w n t o be r eq u ir e d f o r a s pe c t s o f t h e e y e a n d c en t r a l n e r v o u s s y s t e m d e v el o pmen t , a n d f o r t h e e s t a bl is h men t o f n e u r a l c r e s t c e l l po pu l a t io n s [START_REF] Cunliffe | Histone deacetylase 1 is required to repress Notch target gene expression during zebrafish neurogenesis and to maintain the production of motoneurones in response to hedgehog signalling[END_REF][START_REF] Cunliffe | Histone deacetylase 1 is essential for oligodendrocyte specification in the zebrafish CNS[END_REF][START_REF] Harrison | The epigenetic regulator Histone Deacetylase 1 promotes transcription of a core neurogenic programme in zebrafish embryos[END_REF][START_REF] Ignatius | Distinct functional and temporal requirements for zebrafish Hdac1 during neural crest-derived craniofacial and peripheral neuron development[END_REF][START_REF] Stadler | Histone deacetylase 1 is required for cell cycle exit and differentiation in the zebrafish retina[END_REF][START_REF] Yamaguchi | Histone deacetylase 1 regulates retinal neurogenesis in zebrafish by suppressing Wnt and Notch signaling pathways[END_REF]. In t h e r et in a , hdac1 mu t a t io n (k n o w n a s add o r ascending and descending) r es u l t s in t h e f a il u r e o f RPCs t o e x it t h e c e l l c y c l e , c o r r e l a t in g w it h a n in c r e a s e in c el l pr o l if e r a t io n , a l a c k o f d if f e r en t ia t io n , a n d t h e r e f o r e a n a bs e n c e o f pr o pe r t is s u e l a min a t io n [START_REF] Yamaguchi | Histone deacetylase 1 regulates retinal neurogenesis in zebrafish by suppressing Wnt and Notch signaling pathways[END_REF]. Fu r t h e r mo r e , t h e s e d e f e c t s w e r e s h o w n t o be d u e t o t h e a n t a g o n izin g a c t iv it y o f Hd a c 1 o n No t c h a n d c a n o n ic a l Wn t s ig n a l in g pa t h w a y s (Yamaguchi et al., 2005). Co n s is t en t w it h t h es e r e s u l t s , w e d et e c t ed r e t in a l d ev e l o pmen t d ef ec t s in hdac1 mu t a n t s f u l l y in l in e w it h t h e ef f e c t s o f 9-HSA o n RPC d if f e r e n t ia t io n ). Th is in d ic a t e s t h a t 9-HSA d o es n o t a f f e c t t h e t r a n s c r ipt io n o f hdac1 bu t r a t h e r impa c t o n t h e a c t iv it y o f t h e pr o t e in a s pr e v io u s l y s u g g e s t ed [START_REF] Calonghi | Histone deacetylase 1: a target of 9-hydroxystearic acid in the inhibition of cell growth in human colon cancer[END_REF].

In o r d e r t o a s s e s s t h e s pe c if ic it y o f 9-HSA in pr o mo t in g RPCs pr o l if e r a t io n , w e e v a l u a t e d it s ef f e c t o n t h e d e v e l o pme n t o f t h e h in d br a in w h e r e HDAC1 e n z y ma t ic a c t iv it y w a s s h o w n t o pl a y a n o ppo s it e r o l e w it h r e s pe c t t o it s r e t in a l f u n c t io n [START_REF] Cunliffe | Histone deacetylase 1 is required to repress Notch target gene expression during zebrafish neurogenesis and to maintain the production of motoneurones in response to hedgehog signalling[END_REF][START_REF] Stadler | Histone deacetylase 1 is required for cell cycle exit and differentiation in the zebrafish retina[END_REF][START_REF] Yamaguchi | Histone deacetylase 1 regulates retinal neurogenesis in zebrafish by suppressing Wnt and Notch signaling pathways[END_REF]. In d ee d in t h e h in d br a in , HDAC1 w a s s h o w n t o be r e q u ir ed f o r t h e r es po n s iv en e s s o f pr e c u r s o r s 

Catalase expression levels regulates RPC differentiation

To g et h e r o u r r e s u l t s h ig h l ig h t t h e

Discussion

Ou r u n d e r s t a n d in g o f t h e r o l e o f ROS in g e n e r a l a n d H 2 O 2 in pa r t ic u l a r h a s e v o l v e d in r e c en t y ea r s . It is n o w ev id en t t h a t t h e s e me t a bo l it e s a r e n o t ju s t d et o x if ic a t io n by -pr o d u c t s o f h a r mf u l pr o c e s s e s , bu t t h e y a r e a c t iv el y in v o l v ed in c el l s ig n a l in g d u r in g embr y o n ic d ev el o pme n t , c el l g r o w t h , a n d s t e m c e l l f a t e r e g u l a t io n a n d r e g e n e r a t io n [START_REF] Bigarella | Stem cells and the impact of ROS signaling[END_REF][START_REF] Zhou | Reactive oxygen species in normal and tumor stem cells[END_REF][START_REF] Gauron | Hydrogen peroxide (H2O2) controls axon pathfinding during zebrafish development[END_REF][START_REF] Le Belle | Proliferative neural stem cells have high endogenous ROS levels that regulate self-renewal and neurogenesis in a PI3K/Akt-dependant manner[END_REF][START_REF] Hervera | Reactive oxygen species regulate axonal regeneration through the release of exosomal NADPH oxidase 2 complexes into injured axons[END_REF][START_REF] Meda | Nerves, H2O2and Shh: Three players in the game of regeneration[END_REF][START_REF] Gauron | Sustained production of ROS triggers compensatory proliferation and is required for regeneration to proceed[END_REF][START_REF] Sies | Hydrogen peroxide as a central redox signaling molecule in physiological oxidative stress_ Oxidative eustress[END_REF][START_REF] Sies | Oxidative Stress[END_REF][START_REF] Rampon | Hydrogen Peroxide and Redox Regulation of Developments[END_REF]. Th e r o l e s o f ROS h a v e r e c en t l y bee n w id el y in v e s t ig a t e d in t h e s t em c el l f iel d , h ig h l ig h t in g t h e in v e r s e c o r r el a t io n be t w e en t h eir a mo u n t a n d s t e m c e l l s q u ie s c e n c e . Reg u l a t io n o f t h e s h if t in t h e met a bo l ic ba l a n c e be t w e en g l y c o l y s is Th e r e f o r e , t h e d y n a mic r e g u l a t io n o f ROS l e v el s is e s s e n t ia l t o en s u r e t h eir ph y s io l o g ic a l f u n c t io n . We pr ev io u s l y s h o w e d t h a t catalase is s pe c if ic a l l y e x pr e s s e d in t h e d ev e l o pin g c en t r a l n e r v o u s s y s t em o f z e br a f is h , s u g g e s t in g t h a t a s imil a r me c h a n is m ma y be in pl a c e d u r in g n o r ma l n e u r o g en es is (Gauron et al., 2016). In t e r e s t in g l y , g l y c o l y s is is a n es s e n t ia l pr o c e s s in t h e CMZ o f Xenopus r e t in a l ex pl a n t s , po s s ibl y r e l e v a n t f o r t h e q u ie s c e n t , s t e m a n d /o r pr o g en it o r c e l l s t h a t a r e a l l pr e s en t in t h e n ic h e, s u g g e s t in g t h a t t h e r eg u l a t io n o f g l y c o l y s is a n d o x id a t iv e ph o s ph o r y l a t io n is c r it ic a l f o r n o r ma l r e t in a l d e v el o pmen t [START_REF] Agathocleous | Metabolic differentiation in the embryonic retina[END_REF].

He r e w e r e v e a l ed t h e d y n a mic s o f H 2 O 2 l ev e l s in t h e d e v e l o pin g z e br a f is h r e t in a , a t is s u e w it h c l ea r s pa t ia l c o mpa r t me n t a l iz a t io n s epa r a t in g q u ie s c en t , pr o l if e r a t iv e , c y c l in g pr o g e n it o r a n d d if f e r en t ia t ed c el l s .

To u n r a v el t h e r o l e o f ROS s c a v e n g in g a n d l ipid pe r o x id a t io n in RPCs , w e in v e s t ig a t ed t h e in vivo f u n c t io n o f 9-HSA, a k n o w n d o w n s t r ea m pr o d u c t o f l ipid pe r o x id a t io n t h a t w e pr e v io u s l y d emo n s t r a t ed a s a r eg u l a t o r o f c el l u l a r g r o w t h in d if f e r e n t h u ma n t u mo r c el l l in e s in vitro [START_REF] Bertucci | Gas chromatography/mass spectrometric assay of endogenous cellular lipid peroxidation products: quantitative analysis of 9-and 10-hydroxystearic acids[END_REF][START_REF] Calonghi | Modulation of apoptotic signalling by 9-hydroxystearic acid in osteosarcoma cells[END_REF][START_REF] Cavalli | Identification of the peroxidation product hydroxystearic acid in Lewis lung carcinoma cells[END_REF][START_REF] Gesmundo | In vitro effects of hydroxystearic acid on the proliferation of HT29 and I407 cells[END_REF]. Wh il e a n in vivo r o l e f o r 9-HSA h a s n o t be en pr e v io u s l y c h a r a c t e r iz ed , bio c h emic a l a n d s t r u c t u r a l mo d e l in g s t u d ie s r e v e a l ed t h a t in vitro, 9-HSA in h ibit HDAC1 a c t iv it y t h r o u g h a d ir e c t l ig a n de n z y me in t e r a c t io n t h a t bl o c k s s u bs t r a t e a c c e s s t o it s c a t a l y t ic s it e [START_REF] Calonghi | Histone deacetylase 1: a target of 9-hydroxystearic acid in the inhibition of cell growth in human colon cancer[END_REF][START_REF] Parolin | Mechanism and stereoselectivity of HDAC I inhibition by (R)-9-hydroxystearic acid in colon cancer[END_REF]. Th e a c et y l a t io n a n d d ea c et y l a t io n o f c o r e h is t o n es o f c h r o ma t in a r e e s s e n t ia l h is t o n e mo d if ic a t io n s r eq u ir e d f o r ma n y bio l o g ic a l pr o c e s s e s s u c h a s c el l pr o l if e r a t io n , d if f er e n t ia t io n a n d g e n e s il e n c in g [START_REF] Allis | The molecular hallmarks of epigenetic control[END_REF]. Hd a c 1 h a s bee n k n o w n t o pl a y a c r it ic a l f u n c t io n in r e g u l a t in g t h e ba l a n c e be t w ee n pr o l if e r a t io n a n d d if f e r e n t ia t io n in ma n y d if f e r en t n e u r o n a l t is s u e in z e br a f is h [START_REF] Yamaguchi | Histone deacetylase 1 regulates retinal neurogenesis in zebrafish by suppressing Wnt and Notch signaling pathways[END_REF][START_REF] Cunliffe | Histone deacetylase 1 is required to repress Notch target gene expression during zebrafish neurogenesis and to maintain the production of motoneurones in response to hedgehog signalling[END_REF][START_REF] He | Histone deacetylase 1 is required for the development of the zebrafish inner ear[END_REF].

Ho w e v e r , t h e u ps t r ea m ev en t s l ea d in g t o Hd a c 1 a c t iv it y mo d u l a t io n r ema in e d u n k n o w n . He r e w e r e v e a l ed t h a t , l ik e in vitro, 9-HSA a c t s a s a n e n d o g e n o u s in h ibit o r o f Hd a c 1 in vivo, t h e r ef o r e r e g u l a t in g t h e e pig e n e t ic s t a t e o f RPCs . In t h e z e br a f is h r e t in a Hd a c 1 w a s s h o w n t o be r e q u ir ed t o pr o mo t e d if f e r e n t ia t io n o f RPCs t h r o u g h t h e in h ibit io n o f No t c h a n d Wn t s ig n a l in g pa t h w a y s (Yamaguchi et al., 2005). In z e br a f is h a n d a mph ibia n r e t in a e Wn t s ig n a l in g h a s be en f o u n d t o pr o mo t e pr o l if e r a t io n w h il e No t c h pr ev e n t s d if f e r e n t ia t io n [START_REF] Borday | Antagonistic cross-regulation between Wnt and Hedgehog signalling pathways controls post-embryonic retinal proliferation[END_REF][START_REF] Denayer | Canonical Wnt signaling controls proliferation of retinal stem/progenitor cells in postembryonic Xenopus eyes[END_REF][START_REF] Del Bene | Regulation of neurogenesis by interkinetic nuclear migration through an apical-basal notch gradient[END_REF][START_REF] Schmidt | Neurogenesis in zebrafish -from embryo to adult[END_REF][START_REF] Yamaguchi | Histone deacetylase 1 regulates retinal neurogenesis in zebrafish by suppressing Wnt and Notch signaling pathways[END_REF]. Co n s is t en t w it h t h is mo d e l , 9-HSA in h ibit io n o f Hd a c 1 a c t iv a t es t a r g et g e n e s o f No t c h a n d Wn t s ig n a l in g t o pr o mo t e RPC pr o l if e r a t io n . In d ee d , d ir e c t in h ibit io n o f No t c h by DAPT is a bl e t o r e s c u e t h e RPC d if f e r en t ia t io n d e f e c t s g e n e r a t ed by 9-HSA, e s t a bl is h in g No t c h a c t iv it y a s d o w n s t r e a m o f 9-HSA. In t e r e s t in g l y , in c o n t r a s t t o it s pr o l if e r a t iv e e f f e c t in t h e r e t in a , 9-HSA h a s t h e o ppo s it e e f f e c t in t h e h in d br a in w h er e w e o bs e r v ed a d e c r e a s e in t h e mit o t ic in d e x . Th is is in a g r e emen t w it h t h e r e po r t e d f u n c t io n o f Hd a c 1 in t h is t is s u e [START_REF] Cunliffe | Histone deacetylase 1 is required to repress Notch target gene expression during zebrafish neurogenesis and to maintain the production of motoneurones in response to hedgehog signalling[END_REF]. Su r pr is in g l y 9-HSA a l s o a c t e d s l o w in g d o w n c e l l c y c l e pr o g r es s io n in RPCs . Th is ma y be in d u c e d by s o me c e l l -c y c l e a r r e s t me c h a n is m s u c h a s t h e u p-r eg u l a t io n o f t h e c d k in h ibit o r p21 by 9-HSA a s pr e v io u s l y r e po r t ed in a c a n c e r c el l mo d el [START_REF] Calonghi | 9-Hydroxystearic acid upregulates p21WAF1 in HT29 cancer cells[END_REF]. Th e pr e c is e r e l a t io n s h ip o f 9-HSA r e g u l a t io n o f c e l l -c y c l e s pe ed a n d Wn t s ig n a l in g a c t iv a t io n s h o u l d be a d d r e s s e d in t h e f u t u r e . Ov e r a l l o u r d a t a id en t if y 9-HSA a s a po s s ibl e s ig n a l in g mo l e c u l e a c t in g d o w n s t r e a m H 2 O 2 a n d c o n t r ibu t in g t o t h e f in e r e g u l a t io n o f t h e ba l a n c e bet w ee n pr o l if e r a t io n a n d d if f e r en t ia t io n in n e u r o n a l pr o g e n it o r s . In t h is c o n t e x t , w e pr o po s e 9-HSA t o w o r k in pa r a l l e l w it h o t h e r w el l -c h a r a c t er ize d H 2 O 2 r e l a t ed s ig n a l in g e v e n t a c t in g o n c y s t ein e r ed o x s t a t e in a n u mbe r o f pr o t e in s [START_REF] Go | The cysteine proteome[END_REF][START_REF] Yang | The Expanding Landscape of the Thiol Redox Proteome[END_REF].

Ta k en t o g e t h e r o u r w o r k r ev ea l t h e c r it ic a l ph y s io l o g ic a l f u n c t io n o f r ed o x s ig n a l in g a n d l ipid pe r o x id a t io n pr o d u c t s in t h e r e t in a a n d t h e impo r t a n c e o f t h e ir f in e l y t u n ed r eg u l a t io n . Th e s e pr o d u c t s , l ik e 9-HSA, c a n a c t a s e n d o g en o u s in t e r med ia t e mo d u l a t o r s a l l o w in g RPC t o in it ia t e d if f er e n t ia t io n d u r in g r e t in a l d ev el o pme n t , a n d l a t e r in t h e ma in t e n a n c e o f t is s u e h o me o s t a s is in t h e ma t u r e r et in a . In a d d it io n t o t h is n e w r o l e in t h e r et in a , o t h e r w o r k o n l ipid d e r iv a t iv es s u c h a s f a t t y a c id e s t e r s a n d in pa r t ic u l a r pa l mit ic a c id e s t e r s o f 9-HSA (9-PAHSA) h a s d emo n s t r a t e d t h eir a n t i-d ia be t ic a n d a n t i-in f l a mma t o r y pr o pe r t ie s , ex t e n d in g it s r o l e t o a n o t h e r r a n g e o f bio l o g ic a l a c t iv it ie s [START_REF] Yore | Discovery of a class of endogenous mammalian lipids with anti-diabetic and anti-inflammatory effects[END_REF][START_REF] Lee | Branched Fatty Acid Esters of Hydroxy Fatty Acids (FAHFAs) Protect against Colitis by Regulating Gut Innate and Adaptive Immune Responses[END_REF][START_REF] Nelson | Stereochemistry of Endogenous Palmitic Acid Ester of 9-Hydroxystearic Acid and Relevance of Absolute Configuration to Regulation[END_REF]). Ou r s t u d y pr o v id es in s ig h t s in t o t h e me c h a n is m o f a c t io n o f 9-HSA in vivo v ia it s in h ibit o r y a c t iv it y o n Hd a c 1, a n d pr o po s e s a n o v e l me c h a n is m l in k in g H 2 O 2 h o meo s t a s is a n d n e u r o n a l d if f e r en t ia t io n v ia t h e mo d u l a t io n o f l ipid pe r o x id a t io n t h a t l e a d s t o t h e e x pr e s s io n o f k e y n eu r o n a l g e n e s r e q u ir ed f o r t h e s w it c h f r o m pr o l if e r a t io n t o d if f e r en t ia t io n o f RPCs .

We a r e g r a t e f u l t o Hic h ir o Ma s a i f o r s h a r in g r ea g e n t s a n d mu t a n t l in e s . We t h a n k t h e Ba l l y -Cu if l a b f o r s h a r in g t h e Tg (her4:dRFP) t r a n s g en ic l in e a n d t h e No r d en l a b f o r t h e Tg (atoh7:gap-RFP) a n d Tg (atoh7:GFP) t r a n s g e n ic l in e s a s w el l a s t h e PCNA-GFP c o n s t r u c t u s e d in t h is s t u d y . We a l s o t h a n k t h e Fr e l a b f o r s h a r in g t h e DAPT r e a g e n t f o r t h e in h ibit io n o f No t c h s ig n a l in g . We a r e [START_REF] Yeo | Fluorescent protein expression driven by her4 regulatory elements reveals the spatiotemporal pattern of Notch signaling in the nervous system of zebrafish embryos[END_REF][START_REF] Zolessi | Polarization and orientation of retinal ganglion cells in vivo[END_REF][START_REF] Masai | N-cadherin mediates retinal lamination, maintenance of forebrain compartments and patterning of retinal neurites[END_REF]. Tg(her4:dRFP) ex pr es s t h e RFP r epo r t er u n d er t h e pr o mo t e r o f t h e No t c h t a r g e t g en e her4 a n d w a s u s ed t o r e po r t t h e s pa t ia lt empo r a l pa t t e r n o f No t c h a c t iv a t io n in vivo. Tg Catalase -/-mu t a n t l in e w a s g e n e r a t ed u s in g t h e Cr is pr /Ca s 9 g en e ed it in g MHz , CDCl 3 ): 178.7, 72.0, 37.5, 37.4, 33.5, 31.9, 29.7, 29.6 (2 s ig n a l s o v e r l a ppe d ), 29.4, 29.3, 29.2, 29.0, 5.7, 25.5, 24.7, 22.7, 14. ). Th e s y n t h e s ized (R)-9-HSA en a n t io me r , pr e v io u s l y s h o w n t o be mo r e e f f ic ien t in in h ibit in g HDAC1 a c t iv it y w a s u s ed f o r ex o g en o u s a d min is t r a t io n [START_REF] Parolin | Mechanism and stereoselectivity of HDAC I inhibition by (R)-9-hydroxystearic acid in colon cancer[END_REF]. Th e o pt imize d pa r a me t e r s o f t h e io n s o u r c e w e r e: 600°C pr o be t empe r a t u r e , 30 ps i c u r t a in g a s , 40 ps i n e bu l iz in g g a s , 40 ps i h ea t in g g a s , -4000 k V io n s pr a y v o l t a g e . Fo r q u a n t it a t iv e a n a l y s is ma s s c h r o ma t o g r a ms w e r e a c q u ir e d in mu l t ipl e r e a c t io n mo n it o r in g (MRM) in d o u bl e . Pa r e n t io n / d a u g h t e r io n ma s st o -c h a r g e q u a n t it a t iv e a n d q u a l it a t iv e t r a n s it io n f o r 9-HSA w e r e 299.1/253.2 a n d 299.1/155.0m/z , d e -c l u s t e r in g po t en t ia l , en t r a n c e po t en t ia l , c o l l is io n

Fish mutant lines generation and genotyping

Hdac1 -/-mu t a n t f is h u s e d in

Micro-injections

e n e r g y a n d c e l l e x it po t e n t ia l f o r q u a n t it a t iv e a n d q u a l it a t iv e t r a n s it io n s w e r e: 70V, -10V, -35e V, -10V a n d -70V, -10V, -35e V, -8V, r e s pe c t iv e l y . Da t a pr o c e s s in g a n d q u a n t it a t io n w e r e pe r f o r med by An a l y s t s o f t w a r e (AB-Sc ie x ).

Ca l ibr a t io n w a s d o n e by l in ea r r e g r e s s io n w it h a 1/x w e ig h t in g ; a n d a n a l y t e c o n c en t r a t io n in e a c h s a mpl e w a s ba c k c a l c u l a t e d by t h e in t e r po l a t io n o n t h e r eg r e s s io n c u r v e . 

Immunostainings

Western blot analysis and quantification

QUANTIFICATION AND STATISTICAL ANALYSIS

Quantification, imaging and image processing

Qu a n t if ic a t io n s w it h in t h e c e n t r a l r e t in a w e r e g e n e r a t ed a s d e s c r ibe d in [START_REF] Yamaguchi | Histone deacetylase 1 regulates retinal neurogenesis in zebrafish by suppressing Wnt and Notch signaling pathways[END_REF] u s in g t h e Pr is m s o f t w a r e . In t h is pa r t o f t h e t is s u e a l l r e t in a l l a y e r s c a n be d is t in c t iv el y r e c o g n ize d a n d a r e s e pa r a t ed by t h e in n e r n u c l e a r l a y e r a n d o u t e r n u c l e a r l a y er . In pa r t ic u l a r w e w e r e c a r e f u l t o c h o o s e f o r q u a n t if ic a t io n o n l y c e n t r a l s e c t io n s a s d e t e r min ed by t h e s iz e o f t h e l e n s . A s t a t is t ic a l t -t e s t w a s pe r f o r med f o r pH3 q u a n t if ic a t io n s . Co u n t s hdac1 w e r e q u a n t if ied by q RT-PCR a n d St a t is t ic a l s ig n if ic a n t w a s u s in g a St u d e n t 's t -t e s t . Ima g in g a n d r a t io met r ic a n a l y s is o f t h e Hy Pe r l ev el s in t h e Tg (ubi:HyPer) a n d d o u bl e t r a n s g en ic Tg(ubi:HyPer),Tg(rx2:gal4) w e r e pe r f o r me d a s d e s c r ibed in [START_REF] Gauron | Hydrogen peroxide (H2O2) controls axon pathfinding during zebrafish development[END_REF]. No r ma l ize d q u a n t if ic a t io n o f H 2 O 2 l e v el s in 

  Fig u r e S1A -A')[START_REF] Zolessi | Polarization and orientation of retinal ganglion cells in vivo[END_REF]. In d ee d , q u a n t if y in g H 2 O 2 l ev el s a c r o s s t h e t is s u e

  . To t e s t f o r catalase e x pr e s s io n in t h e r e t in a , w e pe r f o r med d o u bl e f l u o r e s c e n t in situ h y br id iz a t io n f o r catalase a n d t h e bHLH t r a n s c r ipt io n f a c t o r atoh7, a ma r k e r f o r r et in a l n e u r o g en es is in it ia t io n a n d l a t e r f o r c y c l in g RPCs in t h e CMZ (Fig u r e S1B -B'' a n d Fig u r e 1D -D'') (Kay, Link and Baier, 2005). Atoh7 a n d catalase t r a n s c r ipt s c o -l o c a l ize d a t 2 d pf in t h e c e n t r a l r et in a w h e r e t h e y a r e t r a n s ie n t l y e x pr e s s ed (Fig u r e S1B -B'') a n d a t 3 d pf in t h e CMZ (Fig u r e 1D -D''). To a s s e s s if atoh7 d ir e c t s catalase ex pr es s io n in t h e d o ma in , w e n ex t mo n it o r e d catalase e x pr e s s io n in t h e atoh7 -/-mu t a n t , a l s o k n o w n a s lakritz (Fig u r e S1C-D) (Kay et al., 2001). In t e r e s t in g l y , t h e a bs en c e o f At o h 7 in t h e r et in a d id n o t a f f e c t catalase e x pr e s s io n , w h ic h is s t il l f o u n d in t h e CMZ (Fig u r e S1C -D). Th e r e f o r e catalase is e x pr e s s e d in t h e n e u r o g en ic d o ma in l a be l ed by atoh7, bu t is in d epe n d en t o f At o h 7 f u n c t io n . To g e t h e r t h e s e r e s u l t s in d ic a t e d y n a mic e x pr e s s io n o f catalase in t h e r e t in a , f ir s t in c y c l in g RPCs pr io r t o t h e ir l a s t d iv is io n d u r in g d e v el o pmen t a n d l a t e r d u r in g r et in a l g r o w t h .

  . We f o u n d o x id iz ed BODIPY-C11 a t t h e o u t e r mo s t pa r t o f t h e CMZ, w h e r e s t e m a n d e a r l y pr o g e n it o r c el l s a r e l o c a t e d (Fig u r e 1E -E"). To f u r t h e r r ev ea l t h e d y n a mic s o f l ipid pe r o x id a t io n in t h e r et in a , w e a n a l y ze d t h e l o c a l iz a t io n o f 4h y d r o x y n o n en a l (4-HNE), a k n o w n e n d -pr o d u c t o f l ipid pe r o x id a t io n t h a t a c t s a s a s e c o n d a r y me s s e n g e r a n d ma r k e r o f o x id a t iv e s t r e s s

  . In l in e w it h o u r pr ev io u s r e s u l t , w e d e t e c t ed 4-HNE e n r ic h men t in t h e CMZ, w h il e l it t l e o r n o s ig n a l w a s d et e c t a bl e in t h e d if f e r en t ia t ed pa r t o f t h e 3 d pf r e t in a (Fig u r e 1F). Ta k en t o g et h e r , o u r r e s u l t s in d ic a t e t h a t H 2 O 2 pr o d u c t io n , s c a v en g in g a n d l ipid pe r o x id a t io n a r e a c t iv e pr o c e s s e s o c c u r r in g w it h in c y c l in g RPCs d u r in g r e t in o g en es is a n d r et in a l g r o w t h a t s pe c if ic d if f e r e n t ia t io n s t eps (Fig u r e 1G).

  f o c u s e d o n 9-h y d r o x y s t e a r ic a c id (9-HSA) a s a pu t a t iv e e n d o g en o u s me d ia t o r o f t h e r e d o x pa t h w a y in t h e r et in a . 9-HSA w a s pr e v io u s l y bee n id e n t if ie d a s a n e n d o g e n o u s by -pr o d u c t o f t h e l ipid pe r o x id a t io n in c o l o n c a r c in o ma c e l l s w h e r e

  HSA is en d o g en o u s l y pr o d u c e d in vivo in ze br a f is h u n d e r ph y s io l o g ic a l c o n d it io n s . We t h u s pr e pa r e d l ipid ex t r a c t s f r o m ze br a f is h embr y o s a t d if f e r e n t d e v el o pmen t a l t ime po in t s , a n d t h e n u s e d a l iq u id c h r o ma t o g r a ph ye l e c t r o s pr a y io n iza t io n -t a n d em ma s s s pec t r o met r y (LC-ESI-MS/MS) t o t es t f o r t h e pr e s e n c e o f 9-HSA. We o pt imiz ed t h e r e v e r s e ph a s e c h r o ma t o g r a ph ic s e pa r a t io n e f f ic ie n c y by s imu l t a n e o u s l y a n a l y zin g 9-HSA a n d it s is o me r 10-HSA f o r c l e a r s epa r a t io n o f t h e t w o mo l e c u l e s (Fig u r e S2A). Pl o t t in g t h e f r a g me n t io n 253.2 pea k a r ea versus t h e c o r r e s po n d in g c o n c e n t r a t io n (n g /mL) pr o d u c e d a c a l ibr a t io n c u r v e w it h l in e a r be h a v io r o f t h e r e s po n s e o v er t w o o r d e r s o f c o n c en t r a t io n ma g n it u d e (y = 283,78x -42295, r 2 > 0.995). We t h e n u s e d t h is o pt imiz ed c o n d it io n s t o t e s t f o r 9-HSA in z e br a f is h e mbr y o s a c r o s s d e v el o pmen t a l s t a g e s a n d d e t e c t e d en d o g en o u s l y pr o d u c e d 9-HSA f r o m pr io r t o 1 d pf t h r o u g h 4 d pf (Fig u r e S2B). Ta k en t o g et h e r , t h e bio l o g ic a l r o l e o f 9-HSA in c e l l c u l t u r e a n d it s e n d o g e n o u s pr o d u c t io n by t h e l ipid pe r o x id a t io n ma c h in e r y in z e br a f is h s u g g e s t a n in vivo r o l e f o r t h is mo l e c u l e in z e br a f is h d ev el o pme n t .

  d o s o , w e in je c t ed s y n t h et ic 9-HSA (o r DMSO v e h ic l e c o n t r o l ) in t o 1-c e l l s t a g e z e br a f is h e mbr y o s , t h e n a n a l y ze d r et in a d e v el o pmen t a t 2 a n d 3 d pf (Fig u r e 2). At 2 d pf , r et in a l g a n g l io n s c el l s (RGCs ) h a v e d if f e r e n t ia t e d , a n d a t 3 d pf t h e f is h r e t in a is f u l l y d if f e r e n t ia t e d a n d c o n t a in s a l l n eu r o n a l a n d g l ia c el l t y pes (Hu and Easter, 1999). We a s s e s s ed t h e d e v el o pmen t o f d if f e r en t r et in a l c el l c l a s s es by immu n o f l u o r e s c e n t d et e c t io n o f Zn 5 t o ma r k a l l RGCs a t 2 d pf , Pa r v a l bu min t o ma r k a ma c r in e c e l l s , GS t o ma r k Mül l e r g l ia c e l l s , a n d Zpr 1 t o ma r k ph o t o r e c e pt o r s a t 3 d pf (Fig u r e 2A, B, C, D). Re l a t iv e t o DMSO c o n t r o l r e t in a e , 9-HSA t r e a t ed e mbr y o s d is pl a y ed a s t r o n g r e d u c t io n in d if f e r en t ia t io n ma r k e r s f o r a l l t e s t e d r et in a l c e l l t y pe s (Fig u r e 2A', B', C', D'). In s o me c a s e s , l ik e f o r Zpr 1

  d t o d e c r e a s e . Th e s e o bs e r v e d d e f e c t s in d if f e r e n t ia t io n in 9-HSA -t r e a t ed r et in a e w e r e n o t a s s o c ia t e d w it h a n y in c r ea s e in c el l d ea t h a t 1, 2 o r 3 d pf a s a s s e s s e d by TUNEL a s s a y s (Fig u r e S2C -H).

  t h e pr o l if e r a t io n o f RPCs d u r in g r et in o g en e s is a n d l a t e r o n t h e s t em c e l l n ic h e o f t h e r et in a , w e a s s e s s e d t h e pr o l if e r a t iv e s t a t e o f r et in a e f r o m embr y o s in je c t e d w it h 9-HSA. We f ir s t e v a l u a t ed t h e mit o t ic in d e x o f r e t in a e f r o m 9-HSA in je c t e d embr y o s a t 24 h pf by immu n o h is t o c h emis t r y o f t h e M-ph a s e ma r k e r pH3 (ph o s ph o r y l a t ed h is t o n e H3), a n d o bs e r v ed n o d if f e r e n c e in t h e n u mbe r o f pH3po s it iv e c e l l s in t h e r e t in a e o f 9-HSA a n d DMSO in je c t e d c o n t r o l s (Fig u r e S2I -K). Th is in d ic a t e s t h a t 9-HSA d o es n o t a f f e c t t h e pr o l if e r a t io n o f RPCs a t t h is ea r l y s t a g e (Fig u r e S2K). La t e r a t 2 d pf , t h e r e t in a l n eu r o e pit h el iu m is ma in l y d if f e r en t ia t ed in t h e c e n t r a l pa r t a n d by 3 d pf RPCs c el l s a r e r e s t r ic t e d t o t h e CMZ d o ma in w h il e t h e c en t r a l pa r t o f t h e r et in a is en t ir e l y o c c u pie d by po s tmit o t ic n e u r o n s a n d g l ia . Th u s w e n e x t t es t ed f o r a n e f f e c t o f 9-HSA o n S-ph a s e e n t r y u s in g a 12 h o u r s Br DU in c o r po r a t io n a s s a y o n 2 d pf 9-HSA -in je c t ed a n d DMSO-in je c t ed embr y o s (Fig u r e S2L -M). Wh il e Br DU c o u l d ma in l y o n l y be d et e c t ed a t t h e pe r iph e r y o f t h e r e t in a in t h e n a s c e n t 2.5 d pf CMZ o f DMSO c o n t r o l s , w e d et e c t ed Br DU in c o r po r a t io n in t h e c en t r a l pa r t o f t h e r e t in a o f 9-HSA -t r e a t e d embr y o s (Fig u r e S2L -M). We n e x t a s s e s s e d pr o l if e r a t io n in t h e r e t in a a t 3 d pf in 9-HSA a n d DMSO in je c t e d e mbr y o s by Ed U in c o r po r a t io n a n d t h e S-ph a s e ma r k e r PCNA (pr o l if e r a t in g c el l n u c l e a r a n t ig e n , Fig u r e 2E -F'). 9-HSAt r ea t e d r et in a e s h o w e d bo t h a n ex pa n d e d Ed U-po s it iv e a n d PCNA-po s it iv e CMZ r e g io n a n d e c t o pic l a bel in g in t h e c en t r a l r et in a w h en c o mpa r e d t o c o n t r o l s (Fig u r e 2E -F'). Giv en t h e s e r es u l t s w e n ex t t e s t e d if 9-HSA e x po s u r e impa c t s c el l c y c l e l e n g t h o f RPCs . We t h u s g en e r a t e d 9-HSA a n d DMSO -in jec t ed embr y o s a n d in d u c ed mo s a ic PCNA-GFP e x pr e s s io n by t r a n s ie n t DNA in je c t io n a t 16-c el l s t a g e , a l l o w in g u s t o t r a c e s in g l e RPCs in vivo by t ime -l a ps e c o n f o c a l ima g in g a n d t o mea s u r e t h e t ime be t w e en t h e in it ia t io n s o f t w o c o n s e c u t iv e S-ph a s es ((Leung et al., 2012), Fig u r e 2G a n d Fig u r e S3). Th e s e a n a l y s e s r e v e a l ed t h a t 9-HSA c a u s e s a n o v e r a l l l e n g t h en in g o f t h e c el l c y c l e o f RPCs (345.5 ± 23.24 min u t e s f o r DMSO in n = 13 c e l l s c o mpa r ed t o 691.3 ± 68.06 min u t e s f o r 9-HSA in n = 8 c e l l s , p-v a l u e: 0.0003). Fin a l l y , w e a s s e s s e d t h e mit o t ic in d e x in 3 d pf r e t in a l s e c t io n s o f 9-HSA a n d DMSO in je c t e d embr y o s by pH3 immu n o h is t o c h emis t r y . Th e pr o po r t io n o f pH3-po s it iv e c e l l s in 9-HSA r et in a e w a s s ig n if ic a n t l y in c r e a s ed a t 2 a n d 3 d pf (n = 5, p-v a l u e: 0.0176 a t 2 d pf a n d n = 4, p-v a l u e: 0.0060 a t 3 d pf f o r 9-HSA, Fig u r e 2H -I).

  At 1 d pf , n o d if f e r en c e in t h e r e t in a c o u l d be d e t e c t e d in t h e l e v el o f f l u o r es c en c e o f t h e t r a n s g e n e bet w ee n t h e DMSO-c o n t r o l a n d 9-HSA in je c t ed embr y o s (Fig u r e S4A -A'). At 2 a n d 3 d pf , a n in c r ea s e in t h e f l u o r es c en c e o f t h e d RFP r e po r t e r c o u l d be o bs e r v ed in t h e r et in a e o f 9-HSA in je c t e d embr y o s c o mpa r ed t o t h e c o n t r o l s (Fig u r e S4B -C'), in l in e w it h o u r in situ r e s u l t s o n her4.2 u p-r e g u l a t io n in t h e r e t in a e o f 9-HSA -in je c t e d embr y o s .

  At o h 7:g a p-RFP RGCs a t 2 d pf a r e f u l l y d if f e r en t ia t ed a n d f o r m a l a y e r o f c e l l s a r o u n d t h e l e n s in t h e DMSO-in je c t ed a n d -t r ea t e d embr y o s (n = 6 r et in a e , Fig u r e 3E). Th e bl o c k a d e o f No t c h s ig n a l in g in t h e s e e mbr y o s by DAPT t r e a t me n t r e s u l t e d in a n in c r ea s e o f t h e n u mbe r o f RGCs , w h ic h f o r med r o s e t t e s a n d a t h ic k e r o pt ic n e r v e a s e x pe c t ed (n = 6 r e t in a e , Fig u r e 3F). In l in e w it h o u r pr e v io u s r e s u l t s , Tg (atoh7:gap-RFP) embr y o s in je c t e d w it h 9-HSA a n d t r ea t e d w it h DMSO h a d a r e d u c ed n u mbe r o f RGCs a t 2 d pf (n = 6 r e t in a e , Fig u r e s 2A' a n d 3G). Wh en t r ea t e d w it h DAPT, t h e s e embr y o s e x h ibit e d a s t r ik in g r e s c u e o f n e u r o n a l RGC d if f e r en t ia t io n (n = 6 r e t in a e , Fig u r e 3H). Th e s e d a t a in d ic a t e t h a t in h ibit io n o f No t c h pa t h w a y a c t iv it y is s u f f ic ien t t o r es c u e t h e n eu r o g en ic d e f e c t s o bs e r v ed in t h e r et in a e o f 9-HSA in je c t e d e mbr y o s c o n s is t e n t w it h 9-HSA a c t in g u ps t r ea m o f No t c h s ig n a l in g . To d et e r min e if 9-HSA c o u l d a l s o h a v e a n e f f e c t o n t h e pr o l if e r a t io n o f po s te mbr y o n ic RPCs via t h e a c t iv a t io n o f No t c h pa t h w a y , w e f ir s t pe r f o r me d in t r ao c u l a r in je c t io n s a t 1 d pf o f 9-HSA in t h e r ig h t ey e a n d DMSO in t h e l e f t e y e o f t h e s a me embr y o a s a n in t e r n a l c o n t r o l (n = 10 embr y o ). We t h en t e s t e d f o r l o c a l ef f e c t o n RPC pr o l if e r a t io n d u r in g r e t in a d e v e l o pme n t a t 2 d pf by Ed U in c o r po r a t io n (Fig u r e 3I -J'). Co mpa r e d t o t h e DMSO in je c t e d ey e s w h e r e a l mo s t a l l c e l l s w e r e Ed U-n e g a t iv e in t h e d if f er e n t ia t e d c en t r a l pa r t o f t h e r e t in a , r e t in a e in je c t ed w it h 9-HSA s t il l pr e s e n t ed a h ig h n u mbe r o f Ed U po s it iv e c e l l s in t h is pa r t o f t h e t is s u e (Fig u r e 3I -J'). Th e r e f o r e 9-HSA c a n a c t l o c a l l y o n RPCs in t h e d e v el o pin g n e u r o e pit h el iu m t o a f f e c t t h e ir pr o l if e r a t io n . We t h en a s k e d w h et h e r t h is ef f e c t c o u l d be o c c u r r in g via t h e a c t iv a t io n o f No t c h in po s te mbr y o n ic RPCs a s o bs e r v e d d u r in g ea r l y r e t in a l d e v e l o pmen t . By in t r a -o c u l a r in je c t io n o f 9-HSA a n d DMSO in t h e r ig h t a n d l e f t e y e r e s pe c t iv e l y o f 2 d pf e mbr y o s a n d in situ h y br id iza t io n o n her4.2 a t 3 d pf , w e c o u l d o bs e r v e a s t r ik in g in c r ea s e o f her4.2 e x pr e s s io n in t h e c e n t r a l r et in a a n d it s e x pr e s s io n d o ma in in CMZ w a s ex pa n d e d in 9-HSA in je c t ed r et in a e c o mpa r e d t o t h e c o n t r o l ey es in je c t e d w it h DMSO (in n = 20 in je c t ed embr y o s , Fig u r e 3K -K").

  9-HSA c a n impa c t t h e pr o l if e r a t io n o f embr y o n ic a n d po s te mbr y o n ic RPCs . To e l u c id a t e w h et h er 9-HSA c o u l d a l s o a c t t h r o u g h Wn t s ig n a l in g in t h e r et in a , w e e x a min e d t h e e x pr e s s io n o f t h e c a n o n ic a l Wn t s ig n a l in g t a r g et s c-myc a n d cyclinD1 (a l s o k n o w n a s ccnd1) a t 2 a n d 3 d pf in 9-HSA a n d DMSO -in je c t e d embr y o s by in situ h y br id iz a t io n (Fig u r e 4A -H). In 2 a n d 3 d pf DMSO c o n t r o l r et in a e c-myc mRNA w a s d e t e c t a bl e in t h e o u t e r mo s t r e g io n o f t h e f o r min g CMZ w h e r e RSCs a n d RPCs a r e l o c a t e d (Fig u r e 4A a n d C) (Wan et al., 2016). In c o n t r a s t , c-myc e x pr e s s io n s pr ea d c en t r a l l y a n d w a s in c r e a s e d in t h e f o r min g CMZ in 9-HSAt r ea t e d r et in a e (Fig u r e 4B a n d D)

  t o c o n t r o l s a t 2 a n d 3 d pf (Fig u r e 4E -H). At 2 d pf in 9-HSA -t r ea t ed r et in a e , cyclinD1 t r a n s c r ipt s w e r e s t il l d et e c t a bl e in t h e e n t ir e r et in a , w h il e a t t h e eq u iv a l e n t d e v el o pmen t a l s t a g e cyclinD1 ex pr e s s io n in DMSO c o n t r o l embr y o s w a s a l r e a d y c o n f in ed t o t h e f o r min g CMZ (Fig u r e 4E -F). Th e r e f o r e , 9-HSA c a n a l s o a f f e c t t h e e x pr e s s io n o f g en e t a r g et s o f t h e Wn t pa t h w a y k n o w n t o be c r u c ia l c e l l c y c l e r e g u l a t o r s .

  2, c-myc a n d cyclinD1 w it h min ima l impa c t o n p27 (n = 3 f o r a l l c o n d it io n s ; her4.2 f o l d in c r e a s e o f 4.117 SEM ±0.6289, p-v a l u e = 0.0384; c-myc f o l d in c r ea s e o f 2.059 SEM ±0.1231, p-v a l u e = 0.0132; cyclinD1 f o l d in c r e a s e o f 1.814 SEM ±0.1441, p-v a l u e = 0.0299; p27 f o l d c h a n g e o f 0.5461 SEM ±0.1119, p-v a l u e = 0.0557. Fig u r e 4I).

(

  Fig u r es S5 c o mpa r e d t o Fig u r e s 2, 3A -D a n d 4). Th e s e d a t a s t r o n g l y s u g g e s t t h a t t h e e f f e c t s o f 9-HSA in je c t io n a r e me d ia t ed by Hd a c 1 in h ibit io n in o u r in vivo s y s t em. We t h e r e f o r e ex a min ed w h et h e r 9-HSA c a n impa c t Hd a c 1 a c t iv it y d u r in g r e t in a l d ev el o pme n t . Fir s t , w e a s s e s s e d h is t o n e H4 a c et y l a t io n (a c H4) l ev el s by immu n o h is t o c h emis t r y in hdac1 -/-mu t a n t , w il d t y pe s ibl in g s , 9-HSA -in je c t e d a n d c o n t r o l (DMSO-in je c t e d ) ze br a f is h embr y o s (Fig u r e 5A -H). Hy pe r -a c et y l a t ed H4 l ev el s w e r e s t r ik in g l y in c r ea s e d a t 2 a n d 3 d pf in 9-HSA -t r e a t ed a n d hdac1 -/- mu t a n t r e t in a e , in c o mpa r is o n t o t h e r es pe c t iv e c o n t r o l s (Fig u r e 5A -H). To f u r t h e r q u a n t if y t h e in c r e a s e o f h is t o n e a c e t y l a t io n in d u c e d by 9-HSA, w e pe r f o r me d w e s t e r n bl o t s d et e c t in g a c et y l a t io n o f H4 a n d a c et y l a t io n o f l y s in e 9 o f h is t o n e H3 (a c H3K9) o n 3 d pf w h o l e embr y o l y s a t e s (Fig u r e 7I). Lik e t h e hdac1 -/- mu t a n t s , 9-HSA t r e a t men t in d u c ed a s ig n if ic a n t in c r ea s e in t h e l e v e l o f h is t o n e H4 a n d h is t o n e H3 a c e t y l a t io n in embr y o s w it h r e s pe c t t o c o n t r o l s . Th e Wes t e r n Bl o t q u a n t if ic a t io n (n = 3) r ev ea l e d a 2.4 f o l d in c r e a s e o f a c H4 in 9-HSA -in je c t ed e mbr y o s o v e r DMSO-in je c t e d embr y o s (SEM ± 0.331) s imil a r t o t h e 2.7 f o l d in c r ea s e o f a c H4 in hdac1 -/-e mbr y o s (r a t io o v e r w il d t y pe s ibl in g , SEM ±0.528). Lik ew is e , w e me a s u r e d a 1.8 f o l d in c r ea s e o f t h e a c H3K9 in 9-HSA -t r ea t e d e mbr y o s o v e r DMSO-in je c t e d embr y o s (SEM ± 0.159) a n d a 2.2 f o l d in c r ea s e o f a c H3K9 in hdac1 -/-mu t a n t s o v e r w il d t y pe s ibl in g (SEM ±0.149) (Fig u r e 5J). Th e s e r e s u l t s t h e r e f o r e in d ic a t e t h a t 9-HSA c a n a c t in vivo a s a n in h ibit o r o f Hd a c 1 a n d a s s u c h c a n impa c t t h e pr o l if e r a t iv e c a pa c it y o f a c el l d e pe n d in g o n it s a mo u n t s . We n e x t a s k e d w h et h e r 9-HSA in h ibit s e f f e c t o n Hd a c 1 by r eg u l a t in g it s e x pr e s s io n . We c o mpa r e d t h e hdac1 e x pr e s s io n l e v e l be t w een 2 d pf embr y o s in je c t e d e it h e r w it h 9-HSA o r DMSO by q RT-PCR. No d if f e r e n c e in hdac1 ex pr es s io n w a s d e t e c t ed bet w e en 9-HSA a n d DMSO c o n d it io n s in c o n t r a s t t o t h e ex pe c t e d l o s s o f hdac1 ex pr es s io n in t h e hdac1 mu t a n t (n = 3 f o r a l l c o n d it io n s ; p-v a l u e = 0.9216 f o r 9-HSA/DMSO, p-v a l u e <0.0001 f o r hdac1 mu t a n t / w il d -t y pe s ibl in g ; Fig u r e 5K

  c e l l s t o He d g e h o g s ig n a l in g by r epr e s s in g No t c h s ig n a l in g pa t h w a y e f f e c t o r s a n d it s l o s s -o f -f u n c t io n l e a d s t o a r e d u c t io n o f c el l pr o l if e r a t io n a t 1 d pf (Cunliffe, 2004). In l in e w it h t h e s e r e s u l t s , w e o bs e r v e d a s ig n if ic a n t r e d u c t io n in c e l l pr o l if e r a t io n in t h e h in d br a in o f 1 d pf 9-HSA-t r ea t e d embr y o s in c o mpa r is o n t o DMSO c o n t r o l s (n = 7 DMSO-t r e a t ed h in d br a in s , n = 9 9-HSA-t r e a t ed h in d br a in s ). Av e r a g e n u mbe r o f pH3-po s it iv e c e l l s in DMSO c o n t r o l h in d br a in = 246, SD ± 26 a n d a v e r a g e n u mbe r o f pH3-po s it iv e c el l s in DMSO c o n t r o l h in d br a in = 203, SD ± 25; p-v a l u e: 0.005142, Fig u r e S6A -C). Th e r e f o r e u n l ik e in t h e r et in a o f hdac1 mu t a n t s a n d 9-HSA-in je c t e d embr y o s t h a t pr e s en t a n in c r e a s e in pr o l if e r a t io n (Fig u r e 2I), in t h e h in d br a in , t h e n u mbe r o f pr o l if e r a t in g c el l s a f t e r 9-HSA t r e a t me n t is d e c r ea s e d (Fig u r e S6C). Th is in d ic a t e s t h a t t h e o bs e r v ed e f f e c t s o f 9-HSA in vivo o n pr o l if e r a t io n a r e t is s u e -s pe c if ic a n d c a n n o t be e x pl a in e d by a g e n e r a l d e v e l o pme n t a l d el a y . Ra t h e r , o u r d a t a s h o w t h a t 9-HSA r e g u l a t io n o f pr o g en it o r /pr e c u r s o r c el l f a t es is f u l l y c o n s is t e n t w it h t h e in h ibit io n o f HDAC1 a c t iv it y , pl a c in g HDAC1 a s a d o w n s t r ea m t a r g et o f t h e r e d o x s ig n a l in g a n d l ipid pe r o x id a t io n pr o c e s s .

  c r u c ia l r o l e f o r H 2 O 2 a n d l ipid pe r o x id a t io n d o w n s t r e a m pr o d u c t s l ik e 9-HSA in r eg u l a t in g pr o g en it o r c el l f a t e . In o r d e r t o t e s t o u r mo d el , w e l o c a l l y pe r t u r be d H 2 O 2 l e v el s by c l o n a l l y o v e r -e x pr e s s in g catalase u n d e r t h e c o n t r o l o f t h e rx2 pr o mo t e r a n d e v a l u a t ed t h e e f f e c t s o n RPC (Fig . 6A -B). To s h o w t h a t l o c a l catalase o v e r e x pr e s s io n a l t e r s e n d o g en o u s H 2 O 2 l ev el s in t h e d ev el o pin g n e u r o epit h e l iu m, w e in je c t e d UAS:catalase-E2A-tagRFP DNA in d o u bl e t r a n s g en ic Tg(ubi:HyPer);Tg(rx2:gal4) embr y o s . We ima g e d t h e in je c t e d e mbr y o r et in a e a t 24 h pf w h e n H 2 O 2 l ev el s a r e h ig h a n d h o mo g en e o u s t h r o u g h o u t t h e r e t in a l e pit h el iu m (Fig u r e 1A). We o bs e r v e d t h a t in t h e RFP-po s it iv e c l o n e s e x pr e s s in g e c t o pic catalase, H 2 O 2 l e v el s w e r e s ig n if ic a n t l y d e c r ea s ed w it h r e s pe c t t o t h eir n e ig h bo r c e l l s , s h o w in g t h a t H 2 O 2 l e v el s c a n be mo d u l a t e d by o u r c o n s t r u c t in a t empo r a l a n d l o c a l ma n n e r (n = 13 c o n t r o l c l o n e s a n d n = 21 catalase-e x pr e s s in g c l o n es , p-v a l u e < 0.0001; Fig u r e 6B). We t h e n e v a l u a t ed t h e e f f e c t o f t h e d e c r e a s e in H 2 O 2 l e v el s in t h e s e pr o g en it o r s . To d o s o , w e f ix ed UAS:catalase-E2A-tagRFP in je c t e d a n d UAS:tagRFP c o n t r o l in je c t e d e mbr y o s a t 2 d pf a n d c o u n t e r s t a in e d t h e m f o r t h e ph o t o r e c e pt o r ma r k e r Zpr 1. Ph o t o r e c e pt o r d if f e r en t ia t io n s t a r t s a t 2 d pf in a s ma l l pa t c h o f c el l s in t h e v en t r o -c e n t r a l pa r t o f t h e r et in a a n d by 3 d pf , Zpr 1-po s it iv e c e l l s a r e f o u n d t h r o u g h o u t t h e ph o t o r e c e pt o r c el l l a y e r (Liu et al., 2007). We f o c u s e d o u r a n a l y s is l o o k in g a t t h e RFP-po s it iv e c l o n e s a n d d e r iv ed d if f e r en t ia t e d c e l l s l o c a t e d a t t h e d o r s a l pe r iph e r y o f t h e r e t in a l t is s u e w h e r e c el l s n o r ma l l y d o n o t y et ex pr es s Zpr 1 (n = 7 c l o n e s f o r UAS:tag-RFP, Fig u r e 6C a n d D). Su r pr is in g l y , t h e e a r l y ex pr e s s io n o f catalase in d u c ed in rx2-ex pr e s s in g c l o n es w a s s u f f ic ie n t t o d r iv e t h e d if f e r en t ia t io n o f Zpr 1-po s it iv e c el l s in a l l c l o n e s e x a min e d (n = 13 c l o n e s f o r UAS:cat-E2A-tag-RFP, p-v a l u e = 0.0255; Fig u r e 6C a n d D). We e x t en d e d o u r a n a l y s is t o a s s e s s t h e e f f e c t o f catalase o v e r ex pr e s s io n o n a n e a r l ie r n eu r o g e n e s is ma r k e r . To d o s o , w e in je c t ed UAS:catalase-E2A-tagRFP c o n s t r u c t in d o u bl e t r a n s g en ic Tg (rx2:gal4);Tg (atoh7:GFP) embr y o s (Masai, 2003). Co n s is t en t w it h o u r pr e v io u s r e s u l t s , w e o bs e r v ed a n in d u c t io n o f atoh7:GFP ex pr e s s io n in t h e RFP-po s it iv e c l o n e s e x pr e s s in g Ca t a l a s e in t h e d o r s a l r e t in a a t 26 h pf , bef o r e t h e o n s et o f t h e n o r ma l atoh7 e x pr e s s io n (n = 10 r e t in a e , Fig u r e 6E). Th e s e d a t a s h o w t h a t Ca t a l a s e o v e r e x pr e s s io n is s u f f ic ie n t t o in d u c e RPC d if f e r e n t ia t io n . Fin a l l y , w e a s k e d w h e t h e r e n d o g e n o u s catalase e x pr e s s io n w a s a l s o r e q u ir e d f o r pr o l if e r a t io n -t o -d if f e r en t ia t io n s w it c h o f RPC d u r in g n o r ma l d e v e l o pmen t . To a d d r e s s t h is po in t , w e g e n e r a t ed a catalase n u l l mu t a n t l in e w h e r e t h e c a t a l y t ic s it e o f t h e pr o t ein w a s d el et ed a n d f o l l o w e d by a f r a me s h if t . Th is mu t a t io n c a u s e d n o n s e n s e med ia t ed d e c a y o f mu t a n t catalase mRNA a s s h o w n by in situ h y br id iz a t io n (Fig u r e S7). In catalase mu t a n t embr y o s , w e o bs er v e d a n in c r ea s e d n u mbe r o f pr o l if e r a t iv e c e l l s a s d et e c t e d by Ed U in c o r po r a t io n f r o m 2 t o 3 d pf (Fig u r e 7A -B). Th is in c r e a s e w a s pa r t ic u l a r l y s t r ik in g in t h e r eg io n o f t h e c e n t r a l r et in a w h er e by 2 d pf , po s t -mit o t ic n eu r o n s a r e l o c a t e d in n o r ma l c o n d it io n . Th is r e s u l t s u ppo r t s a r o l e f o r t h e e n d o g e n o u s Ca t a l a s e in c o n t r o l l in g t h e t r a n s it io n f r o m pr o l if e r a t io n t o d if f e r e n t ia t io n o f RPCs in t h e r e t in a l n eu r o e pit h e l iu m.

  a n d o x id a t iv e ph o s ph o r y l a t io n is l in k e d t o t h e l ev el s o f ROS g e n e r a t ed a n d d e g r a d e d in t h eir n ic h e , a n d pl a y s a piv o t a l r o l e in d et e r min in g w h e t h e r c el l s a r e in q u ies c en t , pl u r ipo t en t , pr o l if e r a t iv e , o r d if f e r e n t ia t in g s t a t e s (Shyh-Chang,[START_REF] Shyh-Chang | Stem cell metabolism in tissue development and aging[END_REF]. Zh o u et al. d e mo n s t r a t ed a r o l e f o r ROS in t h e g en er a t io n o f pl u r ipo t en t c e l l s t h r o u g h t h e n u c l e a r r e pr o g r a mmin g o f s o ma t ic c e l l s[START_REF] Zhou | Optimal ROS Signaling Is Critical for Nuclear Reprogramming[END_REF]. Th ey s h o w ed t h a t t h e o n s e t o f r e pr o g r a mmin g o f s o ma t ic c e l l s is t ig h t l y a s s o c ia t e d w it h a n in c r e a s e in ROS pr o d u c t io n , w h ic h n ee d t o be a t o pt ima l l ev el s f o r t h e pr o c e s s t o o c c u r e f f ic ien t l y . Th e y a l s o o bs e r v ed t h a t t h is in it ia l in c r ea s e in t h e pr o d u c t io n o f ROS in t h e s e c el l s is l a t e r d e c r e a s e d a n d ma in t a in ed a t l o w e r l ev el s by t h e u p-r e g u l a t io n o f ROS s c a v en g e r e n z y mes a n d a n t io x id a n t s s u c h a s Ca t a l a s e o r Su pe r o x id e Dis mu t a s e , pr e v en t in g t h e s e c e l l s f r o m c e l l u l a r a n d g en o mic d a ma g es t r ig g e r ed by e x c e s s iv e ROS e x po s u r e.

  g r a t e f u l t o Ro s h a n Ja in f o r c a r e f u l pr o o f r ea d in g o u r ma n u s c r ipt . We t h a n k a l l me mbe r s o f t h e De l Be n e l a b f o r f r u it f u l d is c u s s io n s a n d in pu t s a n d Giu l ia An t o g n o l l i f o r t e c h n ic a l h e l p. We t h a n k t h e Dev el o pme n t a l Bio l o g y Cu r ie ima g in g f a c il it y (PICT-IBiSA@BDD, Pa r is , Fr a n c e , UMR3215/U934) membe r o f t h e Fr a n c e-Bio Ima g in g n a t io n a l r e s e a r c h in f r a s t r u c t u r e f o r t h e ir h el p a n d a d v ic e w it h c o n f o c a l mic r o s c o py . Th e De l Be n e l a bo r a t o r y ''Ne u r a l Cir c u it s De v el o pme n t '' is pa r t o f t h e La bo r a t o ir e d 'Ex c el l e n c e (LABEX) en t it l ed DEEP (ANR -11-LABX-0044), a n d o f t h e Éc o l e d e s Ne u r o s c ien c es d e Pa r is Il e-d e -Fr a n c e n et w o r k . S.A. w a s s u ppo r t e d by a po s t d o c t o r a l f el l o w s h ip f r o m t h e f o u n d a t io n Be r t h e Fo u a s s ie r (Fo n d a t io n d e Fr a n c e #201500060246 and #201600069985). Th is w o r k h a s be en s u ppo r t ed by a n ATIP/AVENIR pr o g r a m s t a r t in g g r a n t (F.D.B.), ERC-St G #311159-Ze br a t e c t u m (F.D.B.), CNRS, INSERM, In s t it u t Cu r ie (F.D.B) a n d c o r e f u n d in g . F.N. w a s s u ppo r t e d by f u n d s f r o m t h e LABEX (ANR -11-LABX-0044), a v is it o r f el l o w s h ip o f t h e Fo n d a t io n Pie r r e-Gil l e s d e Ge n n e s po u r l a r e c h e r c h e, t r a v el l in g f e l l o w s h ips o f Eu r o pe a n Ne t w o r k o n Fis h Bio med ic a l Mo d el s , Co n s o r z io In t e r u n iv er s it a r io Bio t e c n o l o g ie , Ma r c o Po l o pr o je c t (Un iv e r s it y o f Bo l o g n a ). C.P. w a s s u ppo r t e d by a STSM Gr a n t f r o m t h e COST Ac t io n BM0804. N.C a n d C.B w e r e s u ppo r t ed by t h e RFO FUNDS (Un iv e r s it y o f Bo l o g n a ). Th is w o r k r e c eiv e d s u ppo r t u n d e r t h e pr o g r a mme "In v e s t is s emen t s d 'Av en ir " l a u n c h e d by t h e Fr en c h Go v e r n men t a n d impl emen t e d by t h e ANR w it h t h e f o l l o w in g r e f e r e n c e s : ANR-10-LABX-54 MEMO LIFE -ANR-11-IDEX-0001-02 PSL* Re s ea r c h Un iv e r s it y .

  Figure legends

Figure 2 .

 2 Figure 2. 9-HSA exogenous administration leads to defects in retinal progenitor cell differentiation and to an increase in proliferation in the retina. (A -D') 9-HSA exogenous administration leads to defects in differentiation during retinal development for all cell types analyzed. (A -A') Immunohistochemistry of anti-Zn5 (green) labeling retinal ganglion cells

Figure 3 .

 3 Figure 3. 9-HSA affects RPC proliferation by activating Notch pathway. Expression analyses of the Notch target gene her4.2 at 2 and 3 days post-fertilization (dpf) in DMSO-treated (respectively A, and C) and 9-HSA -treated retinae (respectively B and D) reveal an

Figure 4 .

 4 Figure 4. 9-HSA induces RPCs proliferation via the activation of canonical Wnt signaling. Expression analysis of the c-myc and cyclinD1 Wnt targets at 2 and 3 days post-fertilization (dpf) in DMSO-treated (respectively A, E, C and G) and 9-HSA -treated retinae

Figure 5 .

 5 Figure 5. 9-HSA inhibits HDAC1 enzymatic activity in vivo in the retina. (A -H) 9-HSAtreated and hdac1 -/-mutant retinae showed an increase in histone H4 hyper-acetylation marks in comparison to wild type (hdac1 +/+ ) and DMSO -treated retinae at 2 and 3 days post-fertilization (dpf). Immunohistochemistry of anti-hyper-acetylated histone H4 (acH4, green) on 2 and 3 dpf frontal retinal cryosections. (I) Western blot analysis of histone H4 and

Figure 6 .

 6 Figure 6. Catalase overexpression in RPCs is sufficient to trigger their premature differentiation. (A) Early catalase overexpression in rx2-expressing retinal progenitor cells (RPCs) leads to a decrease of H 2 O 2 levels in RPCs at 24 hours post-fertilization (hpf) as revealed by the HyPer transgene reporting the endogenous levels of H 2 O 2 of UAS:catalase-E2A-tagRFP (UAS:cat-E2A-tagRFP) injected in the double transgenic Tg(ubi:HyPer);Tg(rx2:gal4) embryos (white arrow and red dash line). (B) Normalized

Figure 7 .

 7 Figure 7. Catalase endogenous expression was also required for the switch of RPC from proliferation to differentiation during normal retinal development. (A -B) Catalase nullmutant embryos have an increased number of proliferative cells in comparison to their wild

  (atoh7:gap-RFP) a n d Tg(atoh7:GFP) t r a n s g e n ic l in e s e x pr e s s membr a n e t a g g e d RFP a n d GFP r e s pe c t iv el y u n d e r t h e c o n t r o l o f t h e ba s ic h e l ix -l o o p-h e l ix pr o mo t e r o f t h e t r a n s c r ipt io n f a c t o r At o h 7 a n d w a s u s e d f o r t h e in vivo l a be l in g o f r et in a l g a n g l io n c e l l s .

  t h is s t u d y w e r e r a is ed f r o m embr y o s k in d l y s w a s u s ed f o r g en o t y pin g . Th e 180 bp PCR a mpl ic o n s w a s d ig e s t e d w it h Apo I (NEB) f o r 12 h o u r s . Dig e s t io n r ea c t io n w a s c h e c k e d o n 3% a g a r o s e g el . Th e d ig e s t ed hdac1 +/-a l l el e r e s u l t s in t w o f r a g men t s o f 150 a n d 180 bp l e n g t h .

  w e r e u s e d t o t a r g et t h e f ir s t a n d s e c o n d e x o n o f t h e catalase g e n e l ea d in g t o a l a r g e d e l e t io n o f 1375 ba s e pa ir s , c a u s in g a f r a me s h if t in t h e o pen -r e a d in g f r a me a n d a pr e ma t u r e s t o p c o d o n a t a min o a c id s 58-59. Th e f o l l o w in g pr ime r s et 5'-GTACAAAGAGCAAACGGTTACCAACC-3' a n d 5'-GCTCACCAAGGCTTGGTTTATTTAATC-3' w a s u s ed f o r g e n o t y pin g . PCR a mpl ic o n s w e r e d e po s it e d o n 3% a g a r o s e g e l f o r t h e id e n t if ic a t io n o f w il d t y pe a n d mu t a n t s .Molecular cloningTh e pUAS:tagRFP c o n s t r u c t u s e d in t h is s t u d y w a s pr e v io u s l y c l o n ed in[START_REF] Auer | CRISPR/Cas9 and TALEN-mediated knock-in approaches in zebrafish[END_REF]. Fo r t h e g e n e r a t io n o f t h e pUAS:catalase-E2A-tagRFP pl a s mid f u l l c DNA o f catalase w a s PCR a mpl if ied f r o m t o t a l c DNA o f 2 d pf ze br a f is h embr y o s a n d t h e tagRFP s eq u en c e a mpl if ie d f r o m t h e s a me pUAS:tagRFP pl a s mid . Th e t w o f r a g men t s , s e pa r a t ed by a E2A c a s s e t t e w e r e c l o n e d in t o t h e pUAS:ubc-pA pl a s mid[START_REF] Horstick | Increased functional protein expression using nucleotide sequence features enriched in highly expressed genes in zebrafish[END_REF] w it h t h e Gibs o n As s e mbl y Cl o n in g Kit .Quantitative RT-PCR (qRT-PCR)To t a l RNA w a s pr e pa r e d f r o m t h e h e a d s 2 d pf embr y o s w it h TRIzo l r ea g e n t(Th e r mo Fis h e r Sc ie n t if ic ) a n d TURBO DNA-f r e e r ea g e n t s (Th e r mo Fis h e r Sc ien t if ic ). RNA (1 µg ) w a s r e t r o t r a n s c r ibe d u s in g o l ig o d T pr ime r s a n d t h e Su pe r Sc r ipt III Fir s t -St r a n d Sy n t h e s is s y s t em (Th e r mo Fis h e r Sc ien t if ic ). Th e f o l l o w in g q -PCR pr ime r s w e r e u s e d : hdac1 5'-CATGTCCGAGTACAGCAAGCAG-3'a n d 5'-TTCACCGCACCAGCAACAG-3', her4.2 5'-ACAAACAAGCTGAGAAAGCCC-3' a n d 5'-GCACTGCTTTTCTGAGAGCG-3', c-myc 5'-GCGCATTACAGAGCATCCGA-3' a n d 5'-CCAAGGCATTGTTGGGCTTC-3', cyclinD1 5'-TGCTGCGAAGTGGATACCAT-3' a n d 5'-TTCACAGACCTCGAGCATCC-3' a n d f o r p27 5'-ACTTTTCCACGCACACGCC-3' a n d 5'-CGCTTTGCTCCGTTACCCTAC-3'. Ef 1α a n d RPL13a w e r e u s e d a s r ef e r en c e g en e s a s r e po r t ed pr e v io u s l y[START_REF] Tang | Validation of zebrafish (Danio rerio) reference genes for quantitative real-time RT-PCR normalization[END_REF]. Rea l t ime q RT-PCR ex pe r imen t s w e r e pe r f o r me d in t r ipl ic a t e (t h r e e bio l o g ic a l r e pl ic a t es ) u s in g SYBR g r een Su pe r mix (Bio -Ra d ) f o l l o w in g t h e ma n u f a c t u r e r s pr o t o c o l a n d Ma c h in e Appl ied Bio s y s t e ms (Th e r mo Fis h e r ) r ea l t ime PCR ma c h in e .Synthesis of 9-HSAGe n e r a l 1 H a n d13 C NMR s pe c t r a w e r e r e c o r d ed o n a Me r c u r y 400 (o r a n In o v a 600) s pe c t r o me t e r (Va r ia n , Pa l o Al t o , CA, USA) a t 400 (o r 600) MHz a n d 100.57 (o r 150.82) MHz , r e s pe c t iv e l y . Ch emic a l s h if t s w e r e mea s u r e d in δ, a n d r e f e r en c ed t o TMS f o r 1 H NMR a n d t o CDCl 3 (77.0 ppm f o r 13 C NMR). J v a l u e s a r e g iv en in Hz. Sig n a l mu l t ipl ic it ie s w e r e e s t a bl is h e d by DEPT e x pe r ime n t s . Ma s s s pe c t r o met r y w a s pe r f o r me d u s in g a VG-7070E s pe c t r o met e r a t a n io n is a t io n v o l t a g e o f 70 e V. t r o ph o t o met e r . Mel t in g po in t s w e r e d et e r min e d w it h a Büc h i 535 o r a St u a r t SMP3 a ppa r a t u s a n d a r e u n c o r r ec t ed . Ca t a l y t ic h y d r o g en a t io n w a s pe r f o r me d u s in g a Pa r r 3911 s h a k e r t y pe h y d r o g e n a t o r (Pa r r In s t r u me n t Co mpa n y , Mo l in e , Il l in o is , USA). Sil ic a g el 230-400 me s h a n d s il ic a g el c o a t ed pl a t e s Kies el g e l 60 F254 w e r e pu r c h a s e d f r o m Me r c k (Da r ms t a d t , Ge r ma n y ) a n d w e r e u s e d f o r f l a s h -c h r o ma t o g r a ph y (FC) a n d TLC, r e s pe c t iv el y , t h e s po t s be in g d ev el o pe d w it h a n a q u e o u s s o l u t io n o f (NH 4 ) 6 Mo O 4 (2.5%), (NH 4 ) 4 Ce(SO 4 ) 4 (1%) in 10% H 2 SO 4 . Pr epa r a t iv e TLC w a s pe r f o r me d by u s in g 20 x 20 c m s il ic a g el c o a t e d pl a t e s (Me r c k , Da r ms t a d t , Ge r ma n y ). Dimorphotheca sinuata L. s ee d s w e r e pu r c h a s ed f r o m Ga l a s s i Seme n t i (Ga mbet t o l a , Fo r l ì-Ce s en a , It a l y ). (R)-(-)-Oa c et y l ma n d e l ic a c id w a s f r o m Fl u k a Ch emie GmbH (Bu c h s , Sw it ze r l a n d ).An h y d r o u s d ic h l o r o met h a n e w a s o bt a in ed by d is t il l a t io n o v er P 2 O 5 . Ra c e mic 9-HSA w a s pr e pa r e d a s pr e v io u s l y r e po r t ed[START_REF] Calonghi | Histone deacetylase 1: a target of 9-hydroxystearic acid in the inhibition of cell growth in human colon cancer[END_REF], a s w e l l a s 10-HSA[START_REF] Ebert | Enzymatic kinetic resolution of hydroxystearic acids: A combined experimental and molecular modelling investigation[END_REF]. Pu r e (R)-9-HSA w a s pr e pa r e d f r o m Dimorphotheca sinuata s e ed s a c c o r d in g t o t h e pr o c e d u r e pr ev io u s l y d e s c r ibed[START_REF] Parolin | Mechanism and stereoselectivity of HDAC I inhibition by (R)-9-hydroxystearic acid in colon cancer[END_REF][START_REF] Boanini | 9R)-9-Hydroxystearate-Functionalized Hydroxyapatite as Antiproliferative and Cytotoxic Agent toward Osteosarcoma Cells[END_REF]. In pa r t ic u l a r , s e ed s o f Dimorphotheca sinuata L. (6 g ) w e r e po w d e r e d , a n d t h e o il ex t r a c t e d w it h CHCl 3 /Me OH (2:1 v /v , 60 mL) f o r 24 h . Af t er f il t r a t io n , t h e s o l u t io n w a s a c id if ied w it h a s o l u t io n 0.1 M HCl /0.1M Na Cl a n d e x t r a c t ed w it h CHCl 3 (4 × 30 mL). Th e c o mbin e d o r g a n ic l a y e r s w e r e d r ie d o v e r a n h y d r o u s Mg SO 4 . Af t e r f il t r a t io n a n d r emo v a l o f t h e s o l v e n t in vacuo a t r o o m t empe r a t u r e , t h e r es id u e w a s t r ea t e d f o r 2 h , a t 0 °C a n d u n d e r n it r o g en a t mo s ph e r e , w it h Na OCH 3 1 M in CH 3 OH (20 mL). Af t e r a c id if ic a t io n w it h a q . HCl (1 M) a n d ex t r a c t io n w it h n-h e x a n e (3 x 20 mL), t h e o r g a n ic l a y er w a s d r ied o v e r a n h y d r o u s Mg SO 4 . Fil t r a t io n a n d s o l v en t r emo v a l a t r e d u c ed pr es s u r e g a v e a n o il (1.1 g ) t h a t w a s d is s o l v e d in e t h y l a c et a t e a n d s u bje c t e d t o h y d r o g e n a t io n in a Pa r r a ppa r a t u s o v e r Pt O 2 (Ad a m's c a t a l y s t ) a t 40 ps i f o r 15 min . Af t e r f il t r a t io n , c o n c en t r a t io n , a n d f l a s h c h r o ma t o g r a ph y o f t h e r e s id u r o x y o c t a d e c a n o a t e w a s o bt a in ed a s a w h it e s o l id (0.45 g ). Th is l a t t e r w a s h y d r o l y ze d in 10% KOH/CH 3 OH (10 mL) a n d s t ir r e d a t r o o m t empe r a t u r e o v e r n ig h t . Th e s o l v en t w a s r e mo v e d in vacuo a n d t h e r e s id u e w a s d is s o l v e d in w a t e r a n d e x t r a c t ed w it h et h y l a c e t a t e . Th e a q u e o u s s o l u t io n w a s a c id if ied w it h HCl 6N, t h en e x t r a c t ed w it h et h y l a c et a t e . Th e o r g a n ic l a y e r w a s t r ea t e d w it h 'br in e', d r ied o v e r a n h y d r o u s Mg SO 4 , f il t e r e d a n d c o n c e n t r a t ed a t r ed u c e d pr e s s u r e. (R)-9-HSA w a s o bt a in e d in 90% y iel d ( 1 H NMR (400 MHz, CDCl 3 ): 12.00-10.50 (b.s ., 1 H, COOH), 3.60-3.53 (m, 1 H, CHOH), 2.35 (t , 2 H, J = 7.5 Hz, CH 2 COO), 1.50-1.20 (m, 27H, CH 2 a n d OH), 0.87 (t , 3 H, J = 6.8 Hz , CH 3 ). 13 C NMR (100.57

  1. IR (CHCl 3 ): 3427, 1707 c m -1 . MS (EI, 70e V) (m/e): 283, 282 (M + -H 2 O), 264, 155. Th e o pt ic a l pu r it y o f (R)-9-HSA w a s d et e r min ed by 1 H NMR a n a l y s is a f t e r d e r iv a t iz a t io n w it h (R)-(-)-O-a c et y l ma n d el ic a c id : 0.010 g o f (R)-(-)-O-a c et y l ma n d el ic a c id a n d 0.002 g o f DMAP w e r e d is s o l v ed , u n d e r n it r o g en a t mo s ph e r e , in 300 µL o f a n h y d r o u s CH 2 Cl 2 . To t h is s o l u t io n , c o o l e d in a n ic eba t h , 0.007 g o f (R)-9-h y d r o x y s t ea r ic a c id a n d 0.010 g a n d DCC, d is s o l v ed in 500 µL o f a n h y d r o u s CH 2 Cl 2 , w e r e a d d ed . A w h it e s o l id pr e c ipit a t e d a n d t h e r ea c t io n w a s mo n it o r e d by TLC (el u e n t : n-h ex a n e -Ac OEt 3:1) u n t il it r e s u l t ed c o mpl et e. Af t e r r e mo v a l o f t h e s o l v e n t , t h e r e s id u e w a s d is s o l v ed in CDCl 3 a n d 1 H NMR s pe c t r o s c o py a t 600 MHz s h o w e d o n l y o n e s ig n a l (a t 5.868 ppm) c o r r e s po n d in g t o H-2 o f t h e ma n d el ic mo iet y o f (9R)-9-{[(2R)-2-(a c e t y l o x y )-2-ph en y l a c e t y l ]o x y }o c t a d e c a n o ic a c id (

  9-HSA w a s s o l u bil iz ed in d imet h y l s u l f o x id e (DMSO, Sig ma Al d r ic h ), t o o bt a in a s o l u t io n w it h a f in a l c o n c en t r a t io n o f 33 mM. Fo r t h e c o n t r o l e mbr y o s , pu r e DMSO w a s u s ed . An a v e r a g e v o l u me o f 1 n L w a s in je c t e d in ea c h embr y o . No ma l f o r ma t io n w a s o bs e r v ed a t t h e u s ed c o n c en t r a t io n , t h e o v e r a l l mo r ph o l o g y o f 9-HSA in je c t ed e mbr y o s w a s c o mpa r a bl e t o c o n t r o l embr y o s . Embr y o s w e r e in je c t ed a t 1-c e l l s t a g e f o r mo s t ex pe r imen t s e x c e pt f o r o c u l a r in je c t io n e x pe r ime n t s w h e r e 9-HSA w a s d ir e c t l y in je c t e d in t o o n e o f t h e t w o e y e o f 1 o r 2 d pf embr y o a n e s t h e t ize d w it h 1mM MS-222 (TMS, t r ic a in e met h a n e s u l f o n a t e s o l u t io n , Sig ma ). Th e o t h e r e y e w a s in je c t e d w it h DMSO a s c o n t r o l . UAS:tagRFP a n d UAS:catalase-E2A-tagRFP pl a s mid s w e r e in je c t e d a t 1-c e l l s t a g e in t o Tg(rx2:gal4) a n d d o u bl e t r a n s g e n ic Tgubi:(HyPer),Tg(rx2:gal4) l in e s . 50 n g /µL o f tol2 a n d tol1 mRNA w er e c o -in je c t e d w it h 20 n g /µL o f UAS:tagRFP a n d UAS:catalase-E2A-tagRFP pl a s mid s r e s pe c t iv e l y . pCS2-PCNA-GFP c o n s t r u c t k in d l y pr o v id ed by t h e No r d e n l a bo r a t o r y w a s in je c t e d a t 16-c el l s t a g e a t 5 n g /µL in t o 9-HSA o r DMSO -in je c t e d embr y o s t o e n s u r e mo s a ic l a be l in g o f c e l l s (Leung et al., 2012). Th e l ipid pe r o x id a t io n s e n s o r BODIPY TM 581/591 C11 (Lif e Te c h n o l o g ie s , s t o c k po w d e r s u s pen d e d in DMSO t o 100µM o r 50 n g /µL) w a s in je c t ed a t 2 µM in t o t h e y o l k o f 2 d pf w il d t y pe embr y o s a n e s t h et iz ed w it h 1mM MS-222 (TMS, t r ic a in e met h a n e s u l f o n a t e s o l u t io n , Sig ma ). In je c t e d embr y o s w e r e t h en ima g ed a t 3 d pf t o v is u a l iz e t h e in c o r po r a t io n a n d o x id a t io n o f t h e BODIPY TM 581/591 C11 in t h e r e t in a .LC-ESI-MS analysis of lipid extractA t o t a l l ipid e x t r a c t w a s o bt a in e d f r o m embr y o s f r o m d a y 0 t o d a y 5. Fo r ea c h t ime po in t t w o h u n d r e d w il d -t y pe embr y o s w e r e u s e d a n d pr o c e s s e d u s in g t h e Fo l c h me t h o d (Folch, Lees and Sloane Stanley, 1957). St o c k s t a n d a r d s o l u t io n w a s pr e pa r e d by d is s o l v in g 9-HSA a n d 10-HSA a t a c o n c en t r a t io n o f 2 mg /mL in met h a n o l . Fu r t h e r d il u t io n s f o r t h e c a l ibr a t io n c u r v e w e r e pr e pa r e d d a il y in met h a n o l :0.05% a c e t ic a c id in w a t e r (80:20),(v /v ). A c a l ibr a t io n c u r v e f o r t h e q u a n t it a t iv e d e t e r min a t io n o f 9-HSA w a s bu il t in t h e r a n g e o f 0.2222 µg /mL. Sa mpl es w e r e s o l u bil iz ed w it h 500 µl o f met h a n o l :0.05% a c e t ic a c id in w a t e r (80:20), (v /v ), s o n ic a t e d a n d f il t e r e d w it h a 0.45 µm s y r in g e f il t e r .Ch r o ma t o g r a ph ic a n a l y s is w e r e pe r f o r med w it h a Su n f ir e C18 (2.1x 100 mm, 3.5µm;Wa t e r s ) u s in g t h e f o l l o w in g mo bil e ph a s e s : w a t e r w it h 0.05% a c e t ic a c id (A) a n d met h a n o l w it h 0.05% a c et ic a c id (B). Th e g r a d ie n t e l u t io n s t a r t ed w it h 70% o f s o l v en t B, r e a c h ed 90% o f s o l v e n t B in 15 min u t es , r ema in e d a t 90% f o r 5 min u t e s a n d t h e n r e t u r n e d t o 70% o f s o l v e n t B in t en min u t e s . Th e c o l u mn t empe r a t u r e w a s s e t a t 30°C. Th e in je c t io n v o l u me w a s 2 µL a n d t h e f l o w r a t e w a s 0.2 mL/min . LC-MS/MS a n a l y s is w a s c a r r ie d o u t u s in g a Se r ie s 200 mo d u l a r HPLC (Pe r k in El me r ) in t e r f a c e d w it h a n API 4000-QTr a p t r ipl e q u a d r u po l e (AB-Sc iex Fr a min g h a m, MA, USA) w it h a n e l e c t r o s pr a y io n iz a t io n (ESI) s o u r c e . MS pa r a met e r s w e r e o pt imiz ed by in f u s in g s t a n d a r d s o l u t io n s a t a c o n c e n t r a t io n o f 2.2 µg /ml in t o t h e Tu r bo Io n Spr a y 1 s o u r c e o pe r a t in g in n e g a t iv e io n mo d e by a s y r in g e in f u s io n pu mp.

  Th e a n t ibo d ie s u s e d in t h is s t u d y a n d t h eir d il u t io n s w e r e t h e f o l l o w in g : a n t ih y pe r a c e t y l a t e d h is t o n e H4 (1:500, Pe n t a 06-946, Mil l ipo r e), a n t i-ph o s ph oh is t o n e H3 (1:500, 06-570, Mil l ipo r e ), a n t i-PCNA a n t ibo d y c l o n e PC10 (1:500, AB477413, Sig ma Al d r ic h ), a n t i-Zn -5 a n d Zpr -1 (1:500, Ze br a f is h In t e r n a t io n a l Re s o u r c e Cen t e r ), a n t i-pa r v a l bu min (1:500, MAB1572, Mil l ipo r e), a n t i-g l u t a min e s y n t h e t a s e (1:500, MAB302, Mil l ipo r e ) a n d a n t i-4-h y d r o x y n o n e n a l (#HNE13-M, In t e r c h im). Se c o n d a r y a n t ibo d ie s u s ed in t h is s t u d y w e r e: Al ex a 546 f l u o r o ph o r e -c o n ju g a t ed s e c o n d a r y a n t ibo d y (1:500, In v it r o g e n Mo l e c u l a r Pr o be s ), Al e x a 488 f l u o r o ph o r e-c o n ju g a t e d s e c o n d a r y a n t ibo d y (1:500, In v it r o g e n Mo l e c u l a r Pr o be s ), DAPI f o r n u c l ea r l a bel in g (1:500, Sig ma ).Immu n o h is t o c h emis t r y e x pe r imen t s w e r e pe r f o r me d a s pr ev io u s l y d e s c r ibed[START_REF] Masai | Midline signals regulate retinal neurogenesis in zebrafish[END_REF]: c r y o s e c t io n s w e r e w a s h e d t h r e e t ime s in 1x PBS/0.1% Tw ee n -20 (PBS-Tw ) s o l u t io n . Co n s e c u t iv e l y , s l id e s w e r e in c u ba t ed 1 h o u r a t r o o m t e mpe r a t u r e in 10% bl o c k in g s o l u t io n (Ro c h e ) f o l l o w e d by

  bl o c k in g s o l u t io n (Ro c h e) a n d in c u ba t ed o v e r n ig h t a t 4_C in 1% bl o c k in g s o l u t io n (10% bl o c k in g s o l u t io n in 1x PBS-Tw ) in w h ic h pr ima r y a n t ibo d ie s w er e d il u t e d . Pr ima r y a n t ibo d ie s w e r e t h en w a s h e d o u t u s in g 1x PBS-Tw a n d embr y o s w e r e t h en in c u ba t e d o v e r n ig h t a t 4_C in 1% bl o c k in g s o l u t io n (10% bl o c k in g s o l u t io n in 1x PBS-Tw ) in w h ic h s e c o n d a r y a n t ibo d ie s a n d DAPI w e r e d il u t ed . Pr io r t o ima g in g , embr y o s w e r e w a s h e d in 1x PBS-Tw a n d s t o r ed a t 4_C. TUNEL assay Apo pt o s is w a s d et e c t e d in w h o l e ze br a f is h embr y o s a t 3 d pf by TUNEL a s s a y , u s in g Apo pt a g Pe r o x id a s e In Sit u Apo pt o s is De t e c t io n Kit (Mil l ipo r e ). Th e e mbr y o s w e r e f ix ed in 4% PFA f o r 2 h o u r s a t r o o m t e mpe r a t u r e a n d t h e n s t o r e d in met h a n o l a t -20°C a n d pr o c es s ed a c c o r d in g t o t h e s t a n d a r d pr o t o c o l . Af t er t h e s t a in in g , t h e e mbr y o s w e r e embe d d e d in g e l a t in /a l bu min w it h 4% g l u t a r a l d eh y d e , a n d 20 µm r e t in a l s e c t io n s w e r e g e n e r a t ed u s in g a VT1000 S v ibr a t in g bl a d e mic r o t o me (Leic a ). Th e s ec t io n s w e r e t h e n a n a l y z ed o n a Le ic a Upr ig h t Wid e f iel d e pif l u o r e s c e n c e mic r o s c o pe . DAPT treatment A 1X DAPT In So l u t io n TM γ-Se c r et a s e in h ibit o r s t o c k s o l u t io n (Ca l bio c h em, 25mM DAPT d is s o l v e d in DMSO) o r a DMSO o n l y s o l u t io n w a s u s ed f o r a l l e x pe r imen t s . Tg (atoh7:gap-RFP) embr y o s w e r e in je c t ed a t 1-c el l s t a g e w it h DMSO o r 9-HSA a s pr e v io u s l y d e s c r ibe d . At 28 h pf , in je c t e d embr y o s w er e in c u ba t e d in f is h w a t e r s u ppl e men t e d w it h eit h e r 50 µM DAPT o r DMSO a s c o n t r o l a s pr e v io u s l y d o n e in (Uribe et al., 2012). At 48 h pf , embr y o s w er e ex t en s iv el y w a s h ed in f is h w a t e r pr io r t o c o n f o c a l ima g in g . BrdU and EdU incorporation Embr y o s 2 d pf w e r e a n e s t h et iz ed w it h 1mM MS-222 (TMS, t r ic a in e met h a n e s u l f o n a t e s o l u t io n , Sig ma ), f o l l o w e d by Br DU (Sig ma ) in je c t io n in t o t h e y o l k . Th e in je c t io n s o l u t io n w a s c o mpo s ed by a Br d U a t t h e f in a l c o n c en t r a t io n o f 50 mM, Ph en o l Red a t t h e f in a l c o n c en t r a t io n o f 0.5% in d d H2O. 12 h o u r s a f t er t h e Br d U in je c t io n , t h e embr y o s w e r e w a s h ed , f ix ed in 4% PFA a n d c r y o s e c t io n e d (Le ic a ) w it h a t h ic k n es s o f 12 µm. Se c t io n s w e r e t h en t r ea t e d w it h a d e n a t u r in g 2N HCl s o l u t io n f o r 20 min u t e s a t 37°C f o l l o w e d by f iv e PBS w a s h in g s t eps . Af t e r a bl o c k in g o f 2 h o u r s in 5% n o r ma l g o a t s e r u m in PBTD (PBT + DMSO), t h e s e c t io n s w e r e in c u ba t e d w it h u n c o n ju g a t ed a n t ibr o mo d eo x y u r id in e a n t ibo d y (1:1000, PRB1-U, Ph o e n ix ) in bl o c k s o l u t io n o v e r n ig h t a t 4°C. Th e s l id e s w e r e t h e n w a s h e d w it h PBTD a n d in c u ba t ed w it h Al e x a 546 f l u o r o ph o r e -c o n ju g a t ed s e c o n d a r y a n t ibo d y (1:500, In v it r o g en Mo l e c u l a r Pr o be s ) d il u t e d in bl o c k in g s o l u t io n f o r 1.5 h o u r s a t r o o m t empe r a t u r e . Th e s l id e s w e r e f in a l l y s t a in e d w it h t h e n u c l e a r ma r k e r DAPI (1:500, Sig ma ) f o r 5 min u t e s a t r o o m t e mpe r a t u r e . Ed U (5-et h y n y l -2'-d eo x y u r id in e) in c o r po r a t io n w a s pe r f o r med u s in g a 10 mM Ed U s o l u t io n (In v it r o g e n , s t o c k po w d e r r es u s pen d e d in 1% DMSO d il u t e d in PBS) w a s in je c t ed in t o t h e y o l k o f z e br a f is h embr y o s a n e s t h e t ize d w it h 1mM MS-222 (TMS, t r ic a in e me t h a n e s u l f o n a t e s o l u t io n , Sig ma ). In je c t e d f is h w e r e t h e n f ix ed in 4% PFA a n d c r y o s e c t io n e d w it h a t h ic k n es s o f 20 µm. Ed U d et e c t io n w a s pe r f o r me d u s in g t h e Cl ic k -iT TM Ed U Al e x a Fl u o r TM 594 Ima g in g Kit (In v it r o g en ) a n d f o l l o w in g t h e ma n u f a c t u r e r 's in s t r u c t io n s .

  ) o r a n t i-a c et y l H3K9 a n t ibo d y (Abc a m, Ab4441). Immu n o -s ig n a l s w e r e v is u a l iz ed w it h a n a l k a l in eph o s ph a t a s e (AP)-c o n ju g a t e d a n t i-r a bbit Ig G a n t ibo d y (1:5000, Pr o meg a ).We s t e r n bl o t r e v el a t io n w a s pe r f o r med u s in g a c h emin o l u min e s c e n c e d ig it a l ima g in g s y s t e m (Ima g e Qu a n t La s -4000 Min i, GE He a l t h c a r e Lif e Sc ien c e s ) a n d q u a n t if ie d u s in g Ima g e J s o f t w a r e .Whole-mount single and double fluorescent in situ hybridizationDig o x ig e n in -l a bel e d r ibo pr o be s w e r e pr e pa r e d a s r e c o mmen d e d by t h e ma n u f a c t u r e r in s t r u c t io n s (Ro c h e ). Wh o l e -mo u n t in situ h y br id iz a t io n w a s pe r f o r me d u s in g s t a n d a r d pr o c e d u r es[START_REF] Oxtoby | Cloning of the zebrafish krox-20 gene (krx-20) and its expression during hindbrain development[END_REF]. Fu r t h er d et a il s o f t h e pr o bes u s ed a r e a v a il a bl e u po n r e q u e s t . Fo r d o u bl e f l u o r es c en t in situ h y br id iz a t io n , s t a n d a r d d ig o x ig e n in a n d f l u o r e s c ein -c o n ju g a t e d r ibo pr o bes w e r e r e v e a l e d u s in g Ty r a mid e Sig n a l Ampl if ic a t io n (TSA) k it s (Pe r k in El me r ). Atoh7 r ibo pr o be w a s in c u ba t ed f o r 40 min u t es a n d catalase r ibo pr o be f o r 60 min u t e s , a f t e r w h ic h e mbr y o s w e r e k e pt in t h e d a r k a n d w a s h e d w it h a TNT s o l u t io n (0.1 m Tr is , pH 7.5, 0.15 m Na Cl , 0.1% Tw ee n 20). Fo l l o w in g t h e s e w a s h es , e mbr y o s w e r e in c u ba t ed f o r 20 min u t e s in 1% H 2 O 2 in TNT, w a s h ed s e v e r a l t imes a n d bl o c k e d w it h TNB [2% DIG Bl o c k (Ro c h e ) in TNT] f o r 1 h o u r . Th e s e s t e ps w er e f o l l o w e d by a n in c u ba t io n o f t h e embr y o s in a n t i-d ig o x ig e n in -POD (pe r o x id a s e) Fa b f r a g men t s (Ro c h e , 1:50 in TNB). Th e r ibo pr o be s ig n a l s w e r e f in a l l y d e t e c t ed u s in g f l u o r e s c ein -t y r a mid e (FITC) a n d c y a n in e 3-t y r a mid e (Cy 3). Th e s t a in ed e mbr y o s w e r e l a s t l y in c u ba t e d in DAPI in TNT o v e r n ig h t a t 4°C a n d w a s h ed w it h TNT. Cryosections and vibratome sections Cr y o s e c t io n s w e r e pe r f o r med a s f o l l o w s : embr y o s w e r e f ix e d in 4% pa r a f o r ma l d eh y d e in PBS (pH 7.4) f o r 2 h o u r s a t r o o m t e mpe r a t u r e a n d c r y o pr o t e c t e d o v e r n ig h t in a 30% s u c r o s e/0.02% s o d iu m a z id e/PBS s o l u t io n . Embr y o s w e r e t h en t r a n s f e r r e d t o pl a s t ic mo l d s a n d embed d e d in OCT. Th e bl o c k s w e r e pl a c ed o n d r y ic e be f o r e s e c t io n in g . Th e s e c t io n s w e r e c u t w it h a t h ic k n e s s o f 12-14 µm a n d mo u n t ed o n Fis h er br a n d Su pe r f r o s t pl u s s l id e s (No . 12-550-15). Fo r v ibr a t o me s e c t io n s , w h o l e-mo u n t e mbr y o s w e r e w a s h e d t w ic e in 1x PBS/0.1% Tween-20 (PBS-Tw ) s o l u t io n . Th e s a mpl e s w e r e e mbe d d e d in g el a t in / a l bu min w it h 4% o f g l u t a r a l d eh y d e a n d s e c t io n e d (20 µm) o n a VT1000 S v ibr a t in g bl a d e mic r o t o me (Le ic a ). Se c t io n s w e r e mo u n t e d in Fl u o r o mo u n t Aq u eo u s Mo n t in g Med iu m (Sig ma ).

  w e r e pe r f o r med o n c e n t r a l s e c t io n s f r o m o n e r et in a pe r e mbr y o f o r q u a n t if ic a t io n a t 3 d pf o r o n w h o l e r e t in a e a t 1 d pf . Fo r Zpr 1 c e l l s , a Ma n n -Wh it n e y U t e s t w a s u s ed . Th e e x pr e s s io n l ev el s o f her4.2, c-myc, cyclinD1, p27 a n d

s

  Figure1

  o v e r n ig h t in c u ba t io n a t 4_C in 1% bl o c k in g s o l u t io n (10% bl o c k in g s o l u t io n in 1x PBS-Tw ) in w h ic h pr ima r y a n t ibo d ie s w e r e d il u t e d . Se c t io n s w e r e t h e n w a s h ed f iv e t ime s u s in g 1x PBS-Tw s o l u t io n a n d in c u ba t e d a t r o o m t empe r a t u r e f o r 1 t o

	2 h o u r s in 1% bl o c k in g s o l u t io n in w h ic h pr ima r y a n t ibo d ies w e r e d il u t e d .
	Sl id e s w e r e t h en w a s h ed s ev e r a l t ime s in 1x PBS-Tw s o l u t io n , c o u n t e r s t a in ed
	w it h DAPI d il u t ed in 1x PBS-Tw s o l u t io n f o r 10 min u t e s . Th e DAPI s o l u t io n w a s
	t h e n w a s h ed o u t s e v e r a l t imes in 1x PBS-Tw s o l u t io n . Sl id e s w er e t h e n mo u n t ed
	u s in g a n 80% g l y c e r o l	s o l u t io n pr io r	t o ima g in g . Wh o l e-mo u n t
	immu n o h is t o c h emis t r y ex pe r imen t s w e r e c a r r ied o u t a s f o l l o w : embr y o s w er e
	f ix e d 1 t o 2 h o u r s in 4% pa r a f o r ma l d eh y d e (4% PFA). Th e f ix a t iv e w a s t h en

w a s h e d o u t u s in g PBS-Tw s o l u t io n . Pe r mea bil iz a t io n o f t h e e mbr y o s w a s d o n e o n ic e u s in g 0.05% Tr y ps in -EDTA (Lif e Tec h n o l o g ie s ) s o l u t io n . Embr y o s w er e t h e n w a s h e d s ev e r a l t ime s u s in g 1x PBS-Tw s o l u t io n , bl o c k e d u s in g 10%
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