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of the specific problematics of the article and (iv) an analysis of the data (for each panel, describe the aim
of the experiment, the general methodology, the results and conclude). Finally the candidate will propose
a model (v) and formulate 2 to 4 questions raised by the study (vi).
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(i) TITLE?????

In zebrafish, widespread neurogenesis is maintained in adult stages in several brain regions, including
the dorsal telencephalon (or pallium) (Figure 1A). In this region, radial glial cells (RG) have been identified
as neural stem cells (NSCs). A distinguishing feature of adult NSCs when compared with embryonic
neural progenitor cells (NPCs) is their relative quiescence. Recent works further demonstrated that
quiescent NSCs are heterogeneous in their activation potential, their reactivity to various stimuli and,
once activated, their division rate and ability to re-enter into quiescence.
MicroRNAs are small regulatory RNAs that are known to post- transcriptionally negatively regulate gene
expression and are thus attractive candidates for integrating environmental and internal cues in the
regulation of NSCs quiescence/activation balance. MicroRNA-9 (miR-9) is a determinant regulator of
NPCs during vertebrate embryonic development. It was shown to promote the transition of NPCs from a
proliferative to a neurogenic mode and to be crucial in the timing of their cell-cycle exit…

(iii)- Specific problematics of the article

INTRODUCTION

(ii)- Biological context of the article

(iv)- Data analysis (Fig. 1 to 3)
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SUMMARY

Throughout life, adult neural stem cells (NSCs) pro-
duce new neurons and glia that contribute to crucial
brain functions. Quiescence is an essential protec-
tive feature of adult NSCs; however, the establish-
ment and maintenance of this state remain poorly
understood. We demonstrate that in the adult zebra-
fish pallium, the brain-enriched miR-9 is expressed
exclusively in a subset of quiescent NSCs, high-
lighting a heterogeneity within these cells, and is
necessary to maintain NSC quiescence. Strikingly,
miR-9, along with Argonaute proteins (Agos), is
localized to the nucleus of quiescent NSCs, and
manipulating their nuclear/cytoplasmic ratio impacts
quiescence. Mechanistically, miR-9 permits efficient
Notch signaling to promote quiescence, and we
identify the RISC protein TNRC6 as a mediator of
miR-9/Agos nuclear localization in vivo. We propose
a conserved non-canonical role for nuclear miR-9/
Agos in controlling the balance between NSC quies-
cence and activation, a key step in maintaining adult
germinal pools.

INTRODUCTION

Resident neural stem cells (NSCs) in the adult brain produce
new neurons and glia and display two fundamental features:
multipotency and long-term self-renewal capacity. Character-
ization of the adult neurogenesis process has shed light on
the importance of accurate NSCs control in brain homeostasis,
behavior, and brain repair/regeneration (Lim and Alvarez-
Buylla, 2014; Ming and Song, 2011). In the adult mouse brain,
NSCs are found primarily in two microenvironmental niches
located in the telencephalon: the subependymal zone (SEZ)
of the lateral ventricle and the subgranular zone (SGZ) of the
dentate gyrus of the hippocampus (Lim and Alvarez-Buylla,
2014). By contrast, in the zebrafish, which is emerging as an

attractive comparative model, widespread neurogenesis is
maintained at adult stages in several brain regions (Adolf
et al., 2006; Grandel et al., 2006), including the dorsal telen-
cephalon (or pallium), which encompasses areas homologous
to the rodent SEZ and SGZ (Dirian et al., 2014). In this region,
radial glia cells (RG), constituting a large population that lines
the surface of the brain ventricle, have been identified as
NSCs (Figures S1A and S1B). These cells share features with
NSCs found in the mammalian brain including their radial
morphology, the expression of astroglial markers (GFAP, GS,
BLBP), and neurogenic stem cell markers (Sox2, Nestin,
Msi1, and the zebrafish Hes5 ortholog, her4) (Chapouton
et al., 2010; Ganz et al., 2010; März et al., 2010; Alunni et al.,
2013; Dirian et al., 2014; Than-Trong and Bally-Cuif, 2015).
Lineage tracing and clonal analyses have revealed that these
NSCs contribute to constitutive adult neurogenesis and are
able to self-renew and give rise to functional neurons at the sin-
gle cell level, both qualifying them as genuine stem cells and
demonstrating their robust neurogenic activity (Kroehne et al.,
2011; Rothenaigner et al., 2011).
A distinguishing feature of adult NSCs when compared with

embryonic neural progenitor cells (NPCs), both in zebrafish
and mammals, is their relative quiescence. Quiescence is a
reversible state of cell-cycle arrest, which is actively maintained
and involves profound alterations in cell physiology (Cheung and
Rando, 2013). Disrupting the balance between quiescent and
activated NSCs leads to a premature depletion or silencing of
long-lasting NSCs (Codega et al., 2014; Encinas et al., 2011;
Hsieh, 2012). Some key signaling or cell-cell interaction path-
ways, notably Notch and TGFb/BMP (Giachino and Taylor,
2014), have been identified in maintaining quiescence. In partic-
ular, in the zebrafish adult pallium, inhibiting Notch signaling
leads the entire population of NSCs to enter the cell cycle (Alunni
et al., 2013). Recent works further demonstrated that quiescent
NSCs are heterogeneous in their activation potential, their reac-
tivity to various stimuli and, once activated, their division rate and
ability to re-enter into quiescence (Hsieh, 2012; Lugert et al.,
2010). However, how quiescence cues are integrated to estab-
lish this cell state and the diversity within it have yet to be
assessed.
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fractions (Figure S4B). These data reveal a switch in the subcel-
lular localization of miR-9, from the cytoplasm of NPCs to the
nucleus of mature qNSCs, further reinforcing a link between
miR-9 and a distinct quiescent state.

To assess the functional relevance of this observation, we
reasoned that active miR-9 should be loaded into Argonaute
proteins (Ago), the main effectors of the microRNA silencing
pathway (Meister, 2013), and therefore analyzed the subcellu-
lar localizationof Agoproteins in the zebrafishpallium.Weutilized
two independent Ago antibodies that recognize highly conserved
portions spanning the PIWI and most of the MID domains of hu-
man Ago2 (Figure S4C). Both detect a band at the expected
size in western blot (WB) from adult brain extracts, matching
the size of overexpressed zebrafish Flag-Ago2 (Figures S4D
and S4E, red arrows). Additionally, when performing immunohis-
tochemistry on adult NSCs electroporated in vivo with a Flag-
Ago2 expression construct, we observed overlapping signals

Figure 3. miR-9 Potentiates Notch Activity
to Maintain Quiescence
(A and B) Boxplots of qRT-PCR analysis

showing the relative change in expression of

the miR-9 transcripts and the Notch target her4

(A) and of the mature miR-9-5p/3p compared

to a U6 small nucleolar RNA (snoRNA) control

(B) after a 48 hr treatment with LY411575 or

DMSO (control). The top and the bottom of each

box indicate the 75th and 25th percentiles,

respectively, and the dotted line indicates the

median.

(C) Expression of miR-9 (magenta) in a GS+

(green)/PCNA+ (light blue) aNSC (yellow arrow)

after a 48 hr LY treatment. Scale bar, 5 mm.

(D) Proportion of qNSCs (gfap+, MCM5!; dark

gray) and aNSCs (gfap+, MCM5+; white) in the

miR-9+ or miR-9! NSC population after a 48 hr

treatment with LY or DMSO.

(E) ISH for her4 2 dpi with the control (top) or miR-

9 (bottom) vivoMO. Right panels are close-ups of

the region within the red box. Scale bars, 100 mm

(left); 50 mm (right).

(F) Epistasis experiment combining miR-9 kd

with overexpression of Notch intracellular domain

(NICD). The graph shows the percentage of

qNSCs (dark gray) and aNSCs (white) in brains

injected with the control or miR-9 vivoMO and

in cells overexpressing NICD (NICD+) or not

(NICD!). *p < 0.05, **p < 0.01; one-way ANOVA

with Bonferroni post hoc correction. Data are

represented as mean ± 95% CI; n = 3 brains

per condition.

for Flag and Ago (Figure S4G). As the
C-terminal portion is highly conserved
among all vertebrate Agos, however (Fig-
ure S4C), we cannot preclude that our an-
tibodies label other Ago proteins than
Ago2, and indeed, they have been shown
previously to detect other Agos (1, 3, and
4) in human samples (Flores et al., 2014;
Nelson et al., 2007); we thus refer to

‘‘Ago’’ staining below. Strikingly, we observed that Agos are
highly expressed in the nuclei of a subset of NSCs (Figure 4D, yel-
low arrows) while in other NSCs the expression of Agos is either
exclusively cytoplasmic (Figure 4D, white asterisk) or diffuse
throughout the cell (Figure 4D, gray arrow). Importantly, the pres-
ence of Agos in cell nuclei was validated using both Ago anti-
bodies (Figure S4F) and confirmed by subcellular fractionation
of proteins from telencephalic extracts (Figure S5D). We also
observed a nuclear enrichment of Agos in neurons located in
the deep brain parenchyma, strikingly associated with the nu-
clear localization of neuronal microRNAs such as miR-128 (Fig-
ures S5A and S5B). Notably, the presence of Agos in nuclei
was restricted to adult stages, as Agos are exclusively located
in the cytoplasm of juvenile NPCs and neurons (Figure S5C).
Focusing on NSCs, we could show that, like miR-9, nuclear

Ago staining is significantly associated with quiescence and
we rarely see Agos in the nucleus of aNSCs (Figures S5E and
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Figure 1. Analysis of miR-9 expression in NSCs
(A) Schematic showing the anatomy of the zebrafish brain.
(B) In situ hybridization (ISH) against miR-9 on a cross-section of the telencephalon. miR-9 expression (blue) is restricted to the
first cellular row lining the brain ventricle, which is composed of the radial glia (RG). Scale bar: 100 mm.
(C-E) Analysis of mir-9 expression in quiescent and activated NSCs. (C) Sections through the medial region of the dorsal
telencephalon showing ISH with a miR-9 probe (magenta) and double fluorescent immunostaining for GFAP (green, RG marker in
the zebrafish telencephalon) and MCM5 (light blue, cycling cell marker). MiR-9+ cells are indicated with red arrows and miR-9-

cells are indicated with yellow arrows. An asterisk points a mir-9-/GFAP+MCM5+ cell. (D) Quantification of quiescent NSCs (qNSCs,
GFAP+MCM5-; dark gray) and activated NSCs (aNSCs, GFAP+MCM5+ ; white) among total cells or within the miR-9+ or miR-9- NSC
populations. (E) Quantification of qNSCs that are miR-9+ or miR-9-.
*p < 0.05; one-way ANOVA with Bonferroni post hoc correction. Data are represented as mean ± 95% confidence interval (CI); n = 
3 brains per condition. 
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Figure1.DynamicExpressionofmiR-9inqNSCs
(A)qRT-PCRanalysisofthesevenmiR-9transcriptsin48hrpost-fertilization(hpf)embryos,1monthpost-fertilization(mpf)juvenilebrains,and3mpfadultbrains

withtheexpressionofeachtranscriptoverthesumexpressionofalltranscripts.

(B)ISHagainstpri-miR-9-6onacross-sectionofthetelencephalonillustratingitsexpressionrestrictedtotheventricularregion(blue).Scalebar,100mm.

(C)SectionsthroughthemedialregionofthedorsaltelencephalonshowingISHwithamaturemiR-9LNAprobe(magenta)anddoublefluorescentimmuno-

stainingforgfap:GFP(green)andMCM5(lightblue).miR-9expressionisrestrictedtoqNSCs(gfap+,MCM5!;redarrows)andneverobservedinaNSCs(gfap+,

MCM5+;whiteasterisk).SomeqNSCsaredevoidofmiR-9signal(yellowarrows).Scalebar,10mm.

(D)ProportionofqNSCs(gfap+,MCM5!;darkgray)andaNSCs(gfap+,MCM5!;lightgray)inthetotal,miR-9+ormiR-9!NSCpopulationdemonstratingthat

miR-9expressionisassociatedwithquiescence.

(E)PercentageofqNSCsthataremiR-9+ormiR-9!.

(F)ExperimentaldesigntoassessmiR-9expressiondynamicsacrosstheNSCsactivation/quiescencecycle.

(G)RepresentativeimageofBrdU+(lightblue),miR-9+(pink),andGS+(green)NSC10daysafterBrdUpulse.Scalebar,5mm.

(H)PercentageofmiR-9+cellsamongBrdU+NSCsafterdifferentchaseperiod.*p<0.05;one-wayANOVAwithBonferroniposthoccorrection.Dataare

representedasmean±95%confidenceinterval(CI);n=3brainspercondition.
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Figure 1. Dynamic Expression of miR-9 in qNSCs
(A) qRT-PCR analysis of the sevenmiR-9 transcripts in 48 hr post-fertilization (hpf) embryos, 1month post-fertilization (mpf) juvenile brains, and 3mpf adult brains

with the expression of each transcript over the sum expression of all transcripts.

(B) ISH against pri-miR-9-6 on a cross-section of the telencephalon illustrating its expression restricted to the ventricular region (blue). Scale bar, 100 mm.

(C) Sections through the medial region of the dorsal telencephalon showing ISH with a mature miR-9 LNA probe (magenta) and double fluorescent immuno-

staining for gfap:GFP (green) and MCM5 (light blue). miR-9 expression is restricted to qNSCs (gfap+, MCM5!; red arrows) and never observed in aNSCs (gfap+,

MCM5+; white asterisk). Some qNSCs are devoid of miR-9 signal (yellow arrows). Scale bar, 10 mm.

(D) Proportion of qNSCs (gfap+, MCM5!; dark gray) and aNSCs (gfap+, MCM5!; light gray) in the total, miR-9+ or miR-9! NSC population demonstrating that

miR-9 expression is associated with quiescence.

(E) Percentage of qNSCs that are miR-9+ or miR-9!.

(F) Experimental design to assess miR-9 expression dynamics across the NSCs activation/quiescence cycle.

(G) Representative image of BrdU+ (light blue), miR-9+ (pink), and GS+ (green) NSC 10 days after BrdU pulse. Scale bar, 5 mm.

(H) Percentage of miR-9+ cells among BrdU+ NSCs after different chase period. *p < 0.05; one-way ANOVA with Bonferroni post hoc correction. Data are

represented as mean ± 95% confidence interval (CI); n = 3 brains per condition.
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Figure 2: Analysis of miR-9 knockdown.
(A) Validation of miR-9 knockdown. NSCs expressing miR-9 were quantified 1, 2, 3, and 5 days post injection (dpi) of control
morpholino (cntl.Mo, light gray bars) or miR-9 morpholino (miR-9 MO, dark gray bars) into the brain ventricle. Morpholinos are
antisense oligonucleotides commonly used to block mRNA translation of targeted genes. Here, miR-9 MO was designed to bind to
miR-9 and inhibit its maturation rendering it inactive and undetectable by ISH. It was also chemically-modified to enter into cells
without the need for transfection.
(B, C) Analysis of Mir-9 knockdown effects on NSCs. (B) Double immunostaining for GFAP (green) and MCM5 (light blue) in control
(top) and miR-9 (bottom) MO-injected brains. Scale bar: 20 mm. (C) Quantification of aNSCs (GFAP+MCM5+) over the total NSCs
population (GFAP+) 1, 2, 3, and 5 days post injection of the control MO (light gray bars) or miR-9 MO (dark gray bars).
(D, E) Fate analysis of activated cells upon miR-9 downregulation. Fish were administered BrdU for 48 hr following injection of
MOs and analyzed after 30 days of chase. Such a pulse-chase experiment allows to follow BrdU-labelled cells (those that
progressed through S-phase during the 48 hr-pulse) over time. (D) Mean number of BrdU+ per brain section in control (light gray
bar) and miR-9 (dark gray bar) MO-injected brains. (E) Percentage of BrdU+ cells that remain NSCs (GFAP+), or acquired a neuronal
fate (HuC/D+) or other fate in control (light gray bar) and miR-9 (dark gray bar) MO-injected brains after a 30 day chase.
*p < 0.05, **p < 0.01; one-way ANOVA with Bon- ferroni post hoc correction. Data are represented as mean ± 95% CI; n = 3 brains
per condition.
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miR-9 expression among NSCs after cell division, to reach a
plateau at !50% (Figure 1H), matching the overall proportion
of qNSCs that express miR-9 (Figure 1E). Knowing that most
pallial NSCs are capable of dividing (Alunni et al., 2013), these
data together reveal that expression of miR-9 highlights a
specific sub-state of quiescence in which qNSCs dynamically
progress through.

miR-9 Maintains Quiescence
Does miR-9 actually play some role in controlling NSC quies-
cence? To address this issue, we performed loss-of-function
experiments. Vivo morpholino oligonucleotides (vivoMO) are
covalently linked to a delivery moiety conferring them the ability
to enter into a cell without the need for transfection. Injection
of a vivoMO into the brain ventricle enables the modulation of

Figure 2. miR-9 Maintains NSC Quiescence
(A) Percentage of NSCs expressing miR-9 at 1, 2,

3, and 5 days post injection (dpi) of the control

vivoMO (light gray bars) or miR-9 vivoMO (dark

gray bars).

(B) Percentage of aNSCs (MCM5+, gfap) over

the total NSCs population (gfap+) 1, 2, 3, and 5 dpi

of the control vivoMO (light gray bars) or miR-9

vivoMO (dark gray bars).

(C) Double immunostaining for gfap:GFP (green)

and MCM5 (light blue) in control (top) and

miR-9 (bottom) vivoMO-injected brains. Scale

bar, 20 mm.

(D) Average raw number of gfap+ NSCs per section

in control (light gray bar) and miR-9 (dark gray bar)

vivoMO-treated brains at 5 dpi.

(E and F) Analysis of the fate of activated cells

upon miR-9 kd. Fish were administered BrdU for

48 hr following injection of vivoMOs and analyzed

after 30 days of chase. (E) Mean number of BrdU+

per brain section in control (light gray bar) and

miR-9 (dark gray bar) vivoMO-treated brains. (F)

Percentage of BrdU+ cells that remain NSCs

(gfap+), or acquired a neuronal fate (HuC/D+) or

other fate in control (light gray bar) andmiR-9 (dark

gray bar) vivoMO and brains after a 30 day chase.

*p < 0.05, **p < 0.01; one-way ANOVA with Bon-

ferroni post hoc correction. Data are represented

as mean ± 95% CI; n = 3 brains per condition.

gene expression in the first ventricular
cell rows, most notably in the RG NSC
layer (Kizil and Brand, 2011). We used a
miR-9 antisense vivoMO that binds to
the mature miR-9 rendering it essentially
inactive. The sequence of this vivoMO is
identical to the MO previously validated
to efficiently inhibit miR-9 in zebrafish
embryos, without showing any evi-
dence for off-targets effects (Klooster-
man et al., 2007; Leucht et al., 2008)
(Table S1). By performing an ISH with
the mature miR-9 antisense probe, we
verified that the miR-9 vivoMO also effi-
ciently and specifically blocks miR-9 in

the adult pallium, for up to 3 days post injection (dpi) (Figures
2A and S2A). To determine the effect of miR-9 knockdown (kd)
we analyzed the ratios of NSC activation status by quantifying
GFAP+/MCM5" (qNSC) and GFAP+/MCM5+ (aNSC) in control
vivoMO- and miR-9 vivoMO-treated brains. In conditions of
miR-9 kd, we observed, on average, a 3-fold increase in the pro-
portion of aNSCs that was maintained for as long as the vivoMO
was active (Figures 2B and 2C). After 3 days of miR-9 kd,
this increase in aNSCs parallels the proportion of qNSCs that
endogenously express miR-9 demonstrating that almost all of
themiR-9 expressing NSCs enter into the cycle thus establishing
miR-9 as a potent regulator of quiescence. To confirm the spec-
ificity of the miR-9 vivoMO effect, we used a combination of
vivoMOs designed to target Drosha-processing sites on pre-
miR-9 sequences (processing MO1, MO6), thereby blocking
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miR-9 sequences (processing MO1, MO6), thereby blocking
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Figure 3: Analysis of miR-9 interaction with Notch signalling.
(A) ISH analysis of her4 expression following control (top) or miR-9 (bottom) MO injection. Her4 is a target gene of Notch
signalling which is transcribed when the pathway is active. Right panels are close-ups of the region within the red box. Scale bars:
100 mm (left); 50 mm (right).
(B) Epistasis experiment combining miR-9 downregulation with overexpression of Notch intracellular domain (NICD). NICD
overexpression leads to an activation of Notch signalling. The graph shows quantification of qNSCs (dark gray) and aNSCs (white)
in control or miR-9 MO-injected cells that overexpress NICD (NICD+) or not.
*p < 0.05, **p < 0.01; one-way ANOVA with Bonferroni post hoc correction. Data are represented as mean ± 95% CI; n = 3 brains
per condition.

NB: It is known that telencephalic NSC quiescence is maintained through active 
Notch signalling and that pharmacological inhibition of Notch signalling pushes 

qNSCs into cell cycle re-entry.

fractions (Figure S4B). These data reveal a switch in the subcel-
lular localization of miR-9, from the cytoplasm of NPCs to the
nucleus of mature qNSCs, further reinforcing a link between
miR-9 and a distinct quiescent state.

To assess the functional relevance of this observation, we
reasoned that active miR-9 should be loaded into Argonaute
proteins (Ago), the main effectors of the microRNA silencing
pathway (Meister, 2013), and therefore analyzed the subcellu-
lar localizationof Agoproteins in the zebrafishpallium.Weutilized
two independent Ago antibodies that recognize highly conserved
portions spanning the PIWI and most of the MID domains of hu-
man Ago2 (Figure S4C). Both detect a band at the expected
size in western blot (WB) from adult brain extracts, matching
the size of overexpressed zebrafish Flag-Ago2 (Figures S4D
and S4E, red arrows). Additionally, when performing immunohis-
tochemistry on adult NSCs electroporated in vivo with a Flag-
Ago2 expression construct, we observed overlapping signals
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respectively, and the dotted line indicates the

median.

(C) Expression of miR-9 (magenta) in a GS+

(green)/PCNA+ (light blue) aNSC (yellow arrow)

after a 48 hr LY treatment. Scale bar, 5 mm.

(D) Proportion of qNSCs (gfap+, MCM5!; dark

gray) and aNSCs (gfap+, MCM5+; white) in the
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for Flag and Ago (Figure S4G). As the
C-terminal portion is highly conserved
among all vertebrate Agos, however (Fig-
ure S4C), we cannot preclude that our an-
tibodies label other Ago proteins than
Ago2, and indeed, they have been shown
previously to detect other Agos (1, 3, and
4) in human samples (Flores et al., 2014;
Nelson et al., 2007); we thus refer to

‘‘Ago’’ staining below. Strikingly, we observed that Agos are
highly expressed in the nuclei of a subset of NSCs (Figure 4D, yel-
low arrows) while in other NSCs the expression of Agos is either
exclusively cytoplasmic (Figure 4D, white asterisk) or diffuse
throughout the cell (Figure 4D, gray arrow). Importantly, the pres-
ence of Agos in cell nuclei was validated using both Ago anti-
bodies (Figure S4F) and confirmed by subcellular fractionation
of proteins from telencephalic extracts (Figure S5D). We also
observed a nuclear enrichment of Agos in neurons located in
the deep brain parenchyma, strikingly associated with the nu-
clear localization of neuronal microRNAs such as miR-128 (Fig-
ures S5A and S5B). Notably, the presence of Agos in nuclei
was restricted to adult stages, as Agos are exclusively located
in the cytoplasm of juvenile NPCs and neurons (Figure S5C).
Focusing on NSCs, we could show that, like miR-9, nuclear

Ago staining is significantly associated with quiescence and
we rarely see Agos in the nucleus of aNSCs (Figures S5E and
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bodies (Figure S4F) and confirmed by subcellular fractionation
of proteins from telencephalic extracts (Figure S5D). We also
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Figure 4: Analysis of miR-9 and Argonaute (Ago) subcellular localization.
(A, B) Analysis of miR-9 and Ago expression. (A) ISH detection of miR-9 (magenta) coupled with double fluorescent
immunostaining for GFAP (green) and Ago (light blue). Nuclei are counterstained with DAPI (dark blue). Yellow arrows indicate
miR-9+ NSCs; asterisk and gray arrow indicate miR-9- NSCs. Scale bar, 20 mm. (B) Proportion of cells showing nuclear (blue) or
cytoplasmic (light gray) localization of Ago in miR-9+ versus miR-9- NSC populations.
(C-E) Effects of nuclear export inhibition through Leptomycin B (LMB) injection into the brain ventricle. Negative control brains are
injected with methanol (MeOH), the diluent of LMB. (C) Quantification of NSCs with high nuclear Ago signal following MeOH or
LMB injection. (D) Quantification of aNSCs among total NSCs following MeOH or LMB injection. (E) Percentage of aNSCs among
total NSCs upon combination of LMB or MeOH injections together with control or miR-9 MO injections.
**p < 0.01; one-way ANOVA with Bonferroni post hoc correction. Data are represented as mean ± 95% CI; n = 3 brains per
condition.
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(legend on next page)

Cell Reports 17, 1383–1398, October 25, 2016 1389

NB: In general, mature microRNAs influence gene expression via post-transcriptional regulation 
of mRNA in the cytoplasm. There, they associate with Argonaute (Ago) proteins, the main 

effectors of the microRNA silencing pathway.
In contrast to this canonical situation, authors made the surprising observation that mature miR-

9 molecules were strongly concentrated in the nuclei of qNSCs.

C D

Figure 5. Active Nucleo-Cytoplasmic Shuttling of Ago and miR-9 Impacts the Quiescent State of NSCs
(A) Scheme of the zebrafish TNRC6 protein with the cloned GW-rich Ago binding domain highlighted in purple.

(B) Triple immunofluorescence of GFP (green), Ago (magenta), and PCNA (light blue) with nuclear DAPI counterstaining (dark blue) on a representative cell

electroporated with a control construct (her4:gfp, top, yellow arrow) or the dominant-negative TNRC6 (DN-TNRC6) construct (her4:dn-tnrc6a-gfp, bottom, white

arrow). Scale bar, 5 mm.

(legend continued on next page)
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(v) Using the informations of the introduction and all the results obtained, propose a  
simple model illustrating the regulation of NSCs quiescence/activation balance in the 

zebrafish telencephalon

(vi)- Ask questions

6

CONCLUSION AND DISCUSSION
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