




















Online Figure Il: Ectopic Dm-grasp expression in accompanied by aberrant endocardial

cell morphology in MZdicer mutants.

(a-d’). Immunofluorescence staining for Dm-grasp (red, myocardium and endocardial cushion
cells) in Tg(kdr-I:GFP) hearts (green, endocardium) of wild-type (a-b’) and MZdicer+430 (c-
d’) embryos at 2dpf. Ventricle (V), Atrium (A). Panels b, b’, d and d’ show single confocal
images of the ventricle with the AVC to the right. AVC (white arrowheads in a and c).
Endocardial cushion cells located at the AVC (white arrows in b’ and d’). (e) Ratio of Dm-
grasp expressing endocardial cells in wild-type (n=6) and MZdicer+430 (n=7) embryos at
2dpf. Error bars represent means + s.e.m. T-test analyses resulted in statistically significant
differences with p<0.01 (*). (Q-R”)

(f) In wild-type hearts endocardial cells positioned in the ECs (Dm-grasp positive, indicated
with white asterisk) appeared cuboidal, while neighboring endocardial cells located in the
chambers appeared squamous (white arrows in f). (g,h) MZdicer+430 ventricular endocardial
cells appeared cuboidal and made extensive cytoplasmic protrusions (white arrowheads in g
and h) into the cardiac jelly. (i) 3D projection of MZdicer+430 mutant endocardium showing a
group of cells located outside the endocardial lining (white arrowhead); ventricle (V), atrium
(A). (§) Individual cell (white arrowhead) from MZdicer heart shown in i located in the cardiac
jelly between the endocardium (green cells) and myocardium (red cells). (k) Phalloidin
staining for f-actin (red) on T7Tg(kdr-I:GFP) (green) MZdicer+430 mutant embryo
counterstained for DAPI (blue) at 3dpf. White arrowheads indicate two clusters of f-actin
positive cells located in within the cardiac jelly.
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Online Figure I11: Schematic representation of zebrafish miR-23-24-27 clusters.
(a) In the zebrafish genome 5 miR-23-24-27 clusters can be identified positioned on
different chromosomes. (b) RNA sequences of mature miRNAs residing in all miR-

23-24-27 clusters. Sequence variation amongst copies occurs in the last 4 bases at the

3’end.

Downloaded from http://circres.ahajournals.org/ at Universiteitshibliotheek Utrecht on September 1, 2011

mature miRNA sequences

AUCACAUUGCCAGGGAUUUCCA
AUCACAUUGCCAGGGAUUACCA

UGGCUCAGUUCAGCAGGAACAG
UGGCUCAGUUCAGCAGGAACCG

UUCACAGUGGCUAAGUUCCGCU
UUCACAGUGGCUAAGUUCUGCA
UUCACAGUGGUUAAGUUCUGC

UUCACAGUGGCUAAGUUCUUCA
UUCACAGUGGCUAAGUUCAGUG

24a —


http://circres.ahajournals.org/

12/12
miR-28 |

L AR
L '\ 1
€9 b \

1 #
X - v ek > g
16117 has2 22124 has2  21/25

Online Figure IV: MiR-23 is not required for myocardial patterning but can rescue
abnormalities in endocardial patterning.

(a,b) Brightfield images of a miR-23 knock-down (a) and a p53 knock-down (b)
embryo at 2dpf. (c) In situ hybridization showing wild-type levels of has2 expression
in p53 knock-down embryo at 2dpf. (d) Hyaluronic acid (HA) staining (blue) at 2dpf
in p53 morphant counter stained with neutral red. (¢) HA staining in ventricle wall
(boxed in d) of p53 knock-down embryo. Myocardial cell (m), endocardial cell (e).
(f,i) Myocardial expression of cmc/2 (f,h) and bmp4 (g,1) at 2dpf in wild-type (f,g)
and miR-23 knock-down embryos (h,i). Black arrowheads indicate restricted bmp4
expression in the AVC. (j-m) Has?2 expression in wild-type ECs (j) compared to
ectopic expression in MZdicer+430 mutants (k), MZdicer+430 mutants injected with
miR-27 mimics (1) and MZdicer+430 mutants injected with mutated miR-23 mimics
(m). Black arrowheads indicate the AV boundary and dotted lines outline the heart
tube; the arterial pole (outflow) is to the top and the venous pole (inflow) to the

bottom. All panels show Aas2 expression at 2dpf.
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Online Figure V: miR-23 interacts with specific sequences within the zebrafish has2, icat
and tmem?2 3 'UTRs.

(a) Schematic representation of has2, icat and tmem?2 3’UTRs. Location of miR-23 seed
sequences in red and blue (minimal miR-23 seed sequence green in b). Results of miR-23
silencing assays of 3’UTR regions (between lines) indicated by — (no silencing) and +
(silenced). (b) Conservation of miR-23 seed sequence in has2 UTR (blue in a). Injection of
synthetic mRNA containing the coding region for GFP and the 3’UTR sequences of zebrafish
has?2 (c,d), icat (e-h) and tmem?2 (i-n) with a single putative target site mutated. The synthetic
mRNA was injected alone (c,e,g,i,k,m) and in combination with miR-23 mimic (d,f,h,j,1,n).
No effective silencing of the GFP was observed when a wild-type miR-23 mimic was co-
injected upon mutation all the individual putative target sites. mRNA encoding RFP (red) was

always co- injected as an injection control.
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Online Figure VI: Has?2 expression precedes miR-23 in the endocardial cushions.

(a) Combined in situ hybridization for has2 (blue) and cmlc2 (red) in a wild-type
embryo at 30hpf already showing AVC restricted has2 expression. (b) MiR-23 is not
expressed in the heart at 30hpf but can only be detected in the tail (black arrow). (c)
Low levels of has2 expression in the ECs of a wild-type embryo at 3dpf. (d)
Prominent miR-23 expression in the ECs of a wild-type embryo at 3dpf. Black
arrowheads indicate the AVC ECs. White arrowheads indicate the OFT ECs.
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Online Figure VII: Has?2 loss of function prevents induction of AVC endocardial cell
shape changes.

(a-d) Single confocal images of immunofluorescence staining for Dm-grasp (red) in
Tg(kdr-I.GFP) hearts (green, endocardium) of wild-type (a,d) and has2 knock-down
embryos (c,d) at 2dpf. (a,b) Wild-type EC cells are cuboidal and Dm-grasp positive
(boxed in a, white arrowhead in b). The cardiac jelly enlarges at the wild-type AVC
(asteriks in b). (c,d) Upon has2 knock-down endocardial cells at the AVC remained

squamous and are Dm-grasp negative (boxed in ¢, white arrowhead in d).
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Online Figure VIII: Model for regulation of Has2 by miR-23 in ECs

(a) Cartoon showing regulation of Has2 expression by both positive and negative
feedback mechanisms. (b,c) Proposed mechanism how miR-23 restricts EC formation
to the AVC region. (b) In the AVC signals from the myocardium, such as Tgf-f
growth factors (blue arrows), induce has2 expression in the endocardial cells and
thereby enhance Has2 enzyme activity (represented by solid curved line). Has2
produces extracellular HA (blue ribbons) resulting in the activation of endocardial
cushion cells and Dm-Grasp expression (indicated by red cell outlines). MiR-23 is
expressed in the ECs, where it provides a negative feedback mechanism for Has2
activity. (c) Without miR-23 expression this negative regulation on Has2 activity is
lost and as a consequence Has2 activity will increase resulting in more HA production
and increase of the cardiac jelly. HA above a threshold (dashed line) induces Dm-
grasp expression (indicated by red cell outlines) and cell shape changes. Since Has2
activity is also regulated via an auto-regulatory and positive feedback mechanism (see
discussion for explanation) Has2 expression and its activity will increase even more

and expand outside the AV canal region. e, endocardium, m, myocardium.
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