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Abstract

The pharyngeal arch arteries (PAAs) are transient embryonic blood vessels that make
indispensable contributions to the carotid arteries and great vessels of the heart, including the aorta
and pulmonary arteryl: 2. During embryogenesis, the PAAs appear in a craniocaudal sequence to
connect pre-existing segments of the primitive circulation after de novo vasculogenic assembly
from angioblast precursors3: 4. Despite the unique spatiotemporal characteristics of PAA
development, the embryonic origins of PAA angioblasts and the genetic factors regulating their
emergence remain unknown. Here, we identify the embryonic source of PAA endothelium as
nkx2.5* progenitors in lateral plate mesoderm long considered to adopt cell fates within the heart
exclusively®: . Further, we report that PAA endothelial differentiation relies on Nkx2.5, a
canonical cardiac transcription factor not previously implicated in blood vessel formation.
Together, these studies reveal the heart field origin of PAA endothelium and attribute a novel
vasculogenic function to the cardiac transcription factor nkx2.5 during great vessel precursor
development.

During the course of analyzing zebrafish embryos expressing a yellow fluorescent protein
from nkx2.5 cis-regulatory sequences [Tg(nkx2.5:ZsYellow)]’, we observed fluorescence in
known nkx2.5" organs including the heart and liver (Fig. 1a and Supplementary Fig. 2a).
Unexpectedly, we also observed ZsYellow fluorescence in pharyngeal structures revealed
through co-localization studies to be endothelial cells comprising PAAs 3-6 and the
adjoining ventral aorta (VA; Fig. 1a-d). Among the embryonic vasculature, only the PAAs
and VA expressed ZsYellow consistent with their unique developmental origin 4. To
pursue this observation further, we followed the dynamics of ZsYellow fluorescence during
developmental stages leading up to PAA establishment. During mid-somitogenesis, we
observed ZsYellow in bilateral populations of anterior lateral plate mesoderm (ALPM)
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previously identified as ventricular myocardial precursors in the zebrafish heart forming
region® 8 (Fig. 1e; Supplementary Fig. 2b, ¢; Supplementary Fig. 2g-j). As expected,
ventricular precursors migrated medially and contributed to the heart. Interestingly, fractions
of the ZsYellow™ field remained lateral and condensed by 28 hours post-fertilization (hpf)
into pharyngeal clusters (Fig. 1f, g) that we verified were non-endodermal (Fig. 1h;
Supplementary Fig. 2d-f).

To rule out a position effect of the transgene, we confirmed that nkx2.5 transcripts also
localized to pharyngeal clusters at 28 hpf (Fig. 1i; SupplementaryFig. 2k, I). Over the next
20 hours, however, nkx2.5 transcipts progressively disappeared in a craniocaudal sequence
until expression was undetectable specifically in the pharynx at 48 hpf (Fig. 1j-I;
Supplementary Fig. 2m, 0). By contrast, ZsYellow transcripts persisted longer in
To(nkx2.5: ZsYellow) embryos, thereby providing an explanation for the robust ZsYellow
fluorescence observed in PAAs 3-6 (Supplementary Fig. 2n-p). Intriguingly, a previous
report3 described the cranial to caudal appearance of four tiel* PAA angioblast clusters in
pharyngeal mesoderm during a developmental window overlapping with the cranial to
caudal disappearance of nkx2.5" clusters that we observed (Fig. 1j-1). Using double in situ
hybridization, we revealed a reciprocal relationship between nkx2.5 and tiel transcripts in
each pharyngeal cluster (Fig. 1m-p). Specifically, nkx2.5 expression precedes that of tiel
(Fig. 1m), yet after a transient period of overlap, nkx2.5 transcripts decline while tiel
expression is maintained throughout PAA morphogenesis® (Fig. 1n-p). These data suggest
that tiel* PAA angioblasts derive from undifferentiated nkx2.5" clusters in the pharynx.

To begin testing this hypothesis, we tracked the derivatives of nkx2.5" clusters expressing
the photoconvertible Kaede protein, which instantly switches from green to red fluorescence
following ultraviolet (UV) light exposure®. Pan Kaede photoconversion at 30 hpf resulted in
robust red fluorescence in PAAs 3 and 4 with regions of red and green fluorescence or
green-only fluorescence in PAAs 5 and 6 (Fig. 2a-d). Based on the red and green fluorescent
signal distributions, we conclude that PAAs 3 and 4 derive exclusively from progenitor cells
that express nkx2.5 prior to photoconversion at 30 hpf. By contrast, only a small fraction of
PAAs 5 and 6 derive from cells expressing nkx2.5 prior to photoconversion with the
majority of progenitors initiating nkx2.5 expression thereafter.

To test if each nkx2.5" cluster gives rise to a single PAA, we individually traced their cell
fates using focused Kaede photoconversion. At 30 hpf, three bilateral pairs of nkx2.5*
clusters were visualized in pharyngeal mesoderm (Fig. 2¢). The second cluster gives rise
exclusively to PAA3 (Fig. 2e, f). The third cluster, and scattered cells located caudal to the
third cluster, become PAA4 and part of PAAS (Supplementary Fig. 3a-c). Between 30 and
44 hpf, we witnessed the caudal emergence of two new Kaede clusters that when
photoconverted individually, resulted in PAAs 5 or 6 being labeled exclusively with red
fluorescence (Fig 2g, h). These findings support our hypothesis that individual nkx2.5"
clusters give rise to single PAAs and that the majority of progenitors for the caudal-most
PAA:s are specified after 30 hpf.

Based on the apparent segregation of ZsYellow™* pharyngeal clusters from myocardial
precursors in the ALPM of Tg(nkx2.5:ZsYellow) embryos (Fig. 1e-g), we hypothesized that
PAA endothelium derives from nkx2.5* progenitors located in the classically defined heart
forming region, a population long considered to adopt cell fates within the heart
exclusively®: 6 10 We tested this hypothesis by employing two complementary lineage
tracing strategies. First, using tamoxifen-inducible Cre/loxP lineage tracing, we transiently
induced Cre activity in nkx2.5" cells for two hours during heart field stages (Supplementary
Fig. 3j) and identified their derivatives using endothelial restricted [Tg(kdrl:CSY)]” or
ubiquitous [Tg(ubi: Switch)]*! Cre-responsive “color switching” reporters. Remarkably, we
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observed scattered reporter labeling of endothelial cells within PAAs 3-6 and the VA (Fig.
2i,j; Supplementary Fig. 3k-n). The majority of animals exhibited reporter fluorescence in
PAAs 3 and 4 with lower percentages reporting fluorescence in PAAs 5 and 6 (Fig. 2j;
Supplementary Fig. 30).

In a complementary approach, we photoconverted Kaede protein unilaterally in left-side
nkx2.5* heart field progenitors and observed red fluorescence throughout left-side PAAs 3
and 4 with markedly weaker signal in caudal PAAs 5 and 6 (Fig. 2k,I). As an internal
control, PAAs residing contralaterally failed to express red fluorescence (Supplementary
Fig. 3d-f). Furthermore, pan-photoconversion of nkx2.5" heart field cells labelled not only
the heart tube, but the three pharyngeal clusters and scattered posterior cells present at 30
hpf (Supplementary Fig. 3g-i). Taken together, these data from Kaede photoconversion and
Cre/loxP lineage tracing demonstrate that nkx2.5" progenitors residing in the zebrafish heart
field give rise to PAA endothelium. Further, the decline in labeling efficiency observed in
PAAs 5 and 6 supports our previous observation that these caudal vessels derive from
progenitor cells that initiate nkx2.5 expression in the ALPM and those that are specified
subsequently in pharyngeal mesoderm (Fig. 2a-h).

PAA establishment appears qualitatively similar across vertebrate species as each PAA
forms in a craniocaudal sequencel? 13 through the assembly of nascent angioblasts into
discrete vessels3: 4. Although the progenitor source of these angioblasts has not been
defined, a previous Cre recombinase-based lineage tracing study noted descendants of
Nkx2-5-expressing cells in endocardium as well as putative endothelial cells scattered
throughout the first pharyngeal arch1®. However, PAAs were not systematically examined,
and in the absence of co-labeling studies and high resolution imaging, the molecular identity
of the traced cells remains unclear. To conclusively determine if PAA endothelium in the
mouse derives from Nkx2-5* progenitors, we performed Cre/loxP lineage tracing using the
previously characterized Nkx2-5'RESCre driverl4 with the Z/EG> or ROSAYFPIL] reporters
followed by immunostaining with the endothelial cell marker PECAML. As anticipated,
robust reporter expression was observed in the myocardium and endocardium of the heart
(Supplementary Fig. 3p, q)14. Strikingly, reporter fluorescence at E9.5 and E10.5 co-
localized with PECAML1 in PAAs 1 and 2, respectively (Fig. 2p; Supplementary Fig. 3r,s).
At later stages, reporter fluorescence was also observed in PAAs 3, 4, and 6 (Fig. 2m-p;
Supplementary Fig. 3t), the embryonic vessels that generate critical segments of the
postnatal carotid arteries, aorta, and pulmonary artery, respectivelyl? 17, Rare overlap was
also observed in the dorsal aorta (DA) endothelium at the sites of PAA attachment (Fig. 20
7). These findings highlight the evolutionary conservation of PAA endothelial cell derivation
from an Nkx2-5" source in mammals.

To assess the requirement for nkx2.5 during PAA establishment in zebrafish, we employed a
previously validated anti-sense morpholino®® to suppress Nkx2.5 function (Supplementary
Fig. 4a,b). While control embryos exhibited strong blood flow through PAAs 3-6 (Fig. 3a),
nkx2.5 morphants displayed either a reduction in PAA number (class I; Fig. 3b) or absence
of PAAs altogether (class Il; Fig. 3c). Importantly, PAAL, which establishes the initial
circulatory loop in zebrafish, develops much earlier in an nkx2.5-independent manner (Fig.
1p)13: 19, As such, both morphant classes maintained robust blood flow through the
remaining vasculature reducing the likelihood that hemodynamic alterations caused the
observed phenotype. Consistent with this idea, PAA vasculogenesis occurs normally in
silent heart mutants that completely lack heart function and blood flow?20.

Compared to control mouse embryos that displayed well-formed PAAs 1-3 at E9.5 (Fig. 3d),
Nkx2-5/acZ/lacZ ny1| animals exhibited either disrupted PAAs with residual mis-patterned
endothelial cells (Fig. 3e) or a complete absence of PAAs altogether (Fig. 3f; Supplementary
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Fig. 4g-i). While ink injections in wild-type embryos revealed patent cardiac outflow tracts
(OFTs) with prominent forward flow into the paired PAA3 vessels (Fig. 3i), the OFTs in
Nkx2-5lacZlacZ mytants ended in a blind sac (Fig. 3j). These data demonstrate a previously
unappreciated requirement for Nkx2-5 in PAA establishment that is conserved from
zebrafish to mammals.

To elucidate the cellular mechanism underlying the PAA defect in Nkx2.5-deficient
zebrafish, we evaluated nkx2.5 morphants for PAA progenitor cell specification and
differentiation. Using a transgenic strain that highlights nkx2.5* nuclei, we documented
equivalent numbers of nkx2.5* progenitors in control and morphant heart fields
(Supplementary Fig. 4j-1), indicating proper specification. Examination of fluorescence in
morpholino-injected Tg(nkx2.5:Kaede) embryos revealed that PAA progenitor cells also
clustered properly by 30 hpf (Fig. 4a,d). Photoconversion of kaede expressed within
morphant clusters revealed that they were maintained properly in the pharynx, but failed to
form organized vessels, suggesting that Nkx2.5 is required specifically for PAA
vasculogenesis (Fig. 4b,c,e,f). Next, we evaluated morphants for nkx2.5 and tiel expression
in pharyngeal clusters undergoing endothelial differentiation. In control embryos, we
observed differentiated tiel* clusters that had successfully downregulated nkx2.5 (Fig. 4g,i).
In contrast, morphant embryos exhibited persistent expression of nkx2.5 in clusters that
failed to appropriately upregulate tiel (Fig. 4h,i), a phenotype that can be rescued by co-
injection of full-length zebrafish nkx2.5 mMRNA (Supplementary Fig. 4c-f). Using a double
transgenic strain expressing unique fluorescent proteins in the nuclei of either PAA
progenitors (red) or endothelial cells (green), we quantified the high degree to which PAA
progenitors accumulate at the expense of endothelial cell differentiation in morphant
embryos (Fig. 4j-1). Together, these data reveal that Nkx2.5 is dispensable for PAA
progenitor specification and maintenence but essential for endothelial differentiation.

To identify potential downstream mediators of nkx2.5-dependent endothelial cell
differentiation, we examined pharyngeal mesoderm for the expression of two transcription
factors, etsrp71 and scl, shown previously to be associated with early specification of the
angioblast lineage?l. At 24 hpf, only nkx2.5 transcripts were visible in pharygneal clusters
(Fig. 5a-d). At 34 hpf, however, we observed four nkx2.5 clusters (Fig. 5e), three etsrp71*,
scl* clusters (Fig. 5f,g), and two tiel* clusters (Fig. 5h), indicating that etsrp71 and scl
transcripts appear subsequent to nkx2.5 but prior to tiel in each cluster. Further, we learned
that knocking down nkx2.5 inhibits the expression of etsrp71 and scl in PAA progenitors
(Fig. 5i-m) demonstrating that nkx2.5 function is required for initating the angioblast
program.

To determine if Nkx2.5 is required cell autonomously for PAA vasculogenesis, we
generated chimeric embryos via blastula transplantation. Wild-type or nkx2.5- deficient
donor cells carrying an endothelial transgene [Tg(kdrl: GFP)] were transplanted into
unlabeled wild-type blastula hosts. Both control and nkx2.5-deficient donor cells contributed
equally to the body vasculature and endocardium (Fig. 5n,p). However, nkx2.5-deficient
donor cells failed to contribute to PAA endothelium (Fig. 50,p), demonstrating that Nkx2.5
is required cell autonomously in PAA progenitors for endothelial differentiation. Moreover,
because the hemodynamic environments of the host embryos were unaltered, these findings
further solidify the conclusion that Nkx2.5 plays a primary role in PAA establishment.

Our observations support a model (Supplementary Fig. 1) in which nkx2.5* PAA
progenitors segregate from cardiac precursors in the heart field and condense into clusters
concomitant with pharyngeal segmentation22. Clusters 2 and 3 give rise to PAAs 3 and 4,
respectively. Further, a small number of nkx2.5-expressing heart field progenitors migrate to
arches 5 and 6 where naive mesodermal cells initiate nkx2.5 expression in the pharynx.

Nat Cell Biol. Author manuscript; available in PMC 2014 May 01.
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Our findings also highlight a previously unknown and conserved role for Nkx2.5 in blood
vessel development. This pro-vasculogenic function of Nkx2.5 was largely unanticipated
because previous work demonstrated that misexpression of Nkx2.5 repressed scl*
hemangioblast fates in a region of the ALPM anterior to the heart field?3 (Supplementary
Fig. 5a, b). However, overexpression of nkx2.5 did not reduce or expand tiel* PAA
endothelial cluster formation in the pharynx (Supplementary Fig. 5c-¢), highlighting context
dependent roles for Nkx2.5 in angioblast specification. Further, these data demonstrate that
PAA progenitor cell differentiation to the endothelial lineage does not require
downregulation of nkx2.5 that otherwise occurs naturally (Fig. 1i-p). Futhermore, FGF
signaling was shown to promote ALPM hemangioblast fates at the expense of cardiac
fates23 (Supplementary Fig 5f,g). Inhibition of FGF signaling did not alter PAA progenitor
cluster formation or endothelial differentiation indicating a dispensable role for FGF
signaling in early PAA morphogenesis (Supplementary Fig. 5h-1). Together, these findings
demonstrate that Nkx2.5 actively represses angioblast differentiation early in the ALPM and
is required, but not sufficient, for angioblast differentiation later in the pharynx. Although
Nkx2.5 targets have been identified within the myocardium?4 and endocardium?®, the cis-
acting regulatory sequences that are directly activated or repressed by Nkx2.5 during PAA
angioblast emergence remain uncharacterized.

Although nkx2.5 expression in PAA progenitors commences by 14 hpf, Nkx2.5 function is
not required until approximately 30+ hpf to activate the PAA vasculogenic program (Fig.
1m-p; Fig. 4). This delay suggests that nkx2.5% PAA progenitors integrate a stage- and/or
location-specific external cue to cooperatively promote the angioblast fate. However,
following endothelial program initiation, nkx2.5 expression downregulates indicating a
specific requirement in promoting the progenitor to angioblast transition. In zebrafish, each
PAA wholly derives from nkx2.5* cells, and Nkx2.5 is essential cell-autonomously for
initiating PAA morphogenesis. However, our lineage tracing and knockout studies in the
mouse highlight the possibility that more than one progenitor population contributes to PAA
endothelium, as suggested for endocardium?26: 27, Nonetheless, our work overwhelmingly
supports a conserved role for Nkx2-5 in PAA development across vertebrate species.
Intriguingly, NKX2.5 mutations in humans can lead to interrupted aortic arch (IAA) type
B28, a great vessel malformation involving left PAA4. Although the etiology of this
congenital heart defect has been attributed to abnormal regression of left PAA4, IAA type B
might also arise from defects in PAA establishment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. nkx2.5 isexpressed in presumptive PAA endothelial progenitors

a, Tg(nkx2.5:ZsYellow) embryo at 60 hpf exhibiting fluorescence in the heart and PAAs. b-
d, Tg(nkx2.5:ZsYellow); Tg(kdrl:CSY) embryo at 60 hpf with overlapping yellow and blue
fluorescence in the endothelium of PAAs 3-6 and the VA. The LDA exhibits blue
fluorescence exclusively. e-g, ZsYellow fluorescence in Tg(nkx2.5:ZsYellow) embryos at
14ss (e), 18ss (f), and 28 hpf (g). Brackets and arrowheads highlight non-cardiogenic
nkx2.5* cells in the pharynx. h, Tg(nkx2.5:ZsYellow); Tg(sox17: GFP) embryo at 32 hpf with
nkx2.5* pharyngeal cells (red) and sox17* pharyngeal endoderm (green); i-l, in situ
hybridization time-course of nkx2.5 expression in the pharynx. Arrowheads mark nkx2.5*
pharyngeal clusters. m-p, Double in situ hybridization time-course of nkx2.5 (red) and tiel
(blue) expression. PAAL (labelled in p) forms earlier in development and never expresses
nkx2.5. tiel* clusters are numbered according to the mature PAA they derive. a-d, m-p,
lateral views, anterior left; e-h, dorsal views, anterior up; i-l, dorsal views, anterior left; a-p,
n>20 embryos per group. Abbr: VA, ventral aorta; LDA, lateral dorsal aorta; ss, somite-
stage; hpf, hours post-fertilization; H, heart; L, liver; CCV, common cardinal vein.
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Figure 2. nkx2.5 progenitorsgiveriseto PAA endothelium in zebrafish and mouse

a-d, Tg(nkx2.5:Kaede) embryo at 30 hpf before (green) and after (red, inset) pan-
photoconversion (n=3). Arrowheads highlight Kaede* pharyngeal clusters. At 60 hpf,
embryos were imaged in the green (b) and red (c) channels and these images were merged
(d). e-h, Localized Kaede photoconversion of cluster 2 (e, white box, n=2) or 4 (g, white
box, n=2) at the indicated developmental stages. Merged red and green images of the PAAs
in the same embryos at 60 hpf are shown in (f) and (h). i, ZsYellow reporter fluorescence in
PAAs 3-6 at 5 dpf in a Tg(nkx2.5: CreERT2); Tg(kdrl:CSY) embryo treated with 4HT from
10-13 hpf. j, Graph showing the average percentages of embryos with ZsYellow* reporter
fluorescence in each PAA and the VA across four experimental repliates (n=160). Error bars
indicate one standard deviation. k, Left ALPM of a Tg(nkx2.5: Kaede) embryo
photoconverted (white box) at 14ss and subsequently imaged in the red (1) and green
channels (inset), (n=5). m-o/, Nkx2-5/RESCre: ROSAYFP embryos co-stained with PECAM1
(red) and DAPI (blue). Arrows indicate YFP*/PECAM™ lineage traced endothelial cells. o,
Left PAA 6 junction with DA. p, Graph depicting the average percentage of endothelial
cells (PECAM1Y) co-expressing YFP within each PAA. Cells counted across two embryos:
E9.5 (PAA 1, n=244), E10.5 (PAA 2, n=216, PAA 3, n=1357, PAA3 + aortic sac, n=642),
and E11.5 (PAAs 4, n=511 and 6, n=649). a,e,g,k, dorsal views, anterior up; b-d,f,h,i,I,
lateral views, anterior left. Scale bar = 50pm. Abbr: hpf, hours post-fertilization; dpf, days
post-fertilization; H, heart; AS, aortic sac; DA, dorsal aorta; PAA number and left (L) and
right (R) designations indicated.
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Figure 3. Nkx2.5isrequired for vertebrate PAA formation

a-c, Tg(kdrl:GFP); Tg(gatal:DsRed) zebrafish embryos with green endothelial cells and red
erythrocytes at 60 hpf. a, Control (CTRL) embryo with patent PAAs 3-6 and LDA
(n=60/60). b, Class | nkx2.5 morphant (MO"25) in which one (shown) or two PAAs
support blood flow. Asterisks label malformed PAAs (n=88/116). c, Class 1l nkx2.5
morphant lacking patent PAAs (bracket, n=22/116). d-f, Whole mount control (d) or Nkx2-5
null (ef) mouse embryos stained for PECAML1 (red) at E9.5 (n=5 per group). Nkx2-5 null
embryos displayed disrupted PAAs 1-3 with residual isolated endothelial cells (arrow, €) or
a complete absence of PAAs altogether (bracket, f). g,h, Sections through control and
Nkx2-5 null embryos stained with PECAM (red) and DAPI (blue). Arrow shows residual
endothelial cells (h). i,j, Ink injections in control and Nkx2-5 null animals at E9.5 (n=5 per
group). Bracket in j indicates absence of flow through the mutant OFTs. a-c, lateral views,
anterior left; d-f, i,j, lateral views, anterior up; g,h, coronal sections. Scale bar = 50pm.
Abbr: LDA, lateral dorsal aorta; DA, dorsal aorta; OFT, outflow tract; LV, left ventricle; A,
atrium; V, ventricle; PAA number and left (L) and right (R) designations indicated.
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Figure4. Nkx2.5isrequired for PAA progenitor cell differentiation

a-f, Control (n=3) and nkx2.5 morphant (n=5) Tg(nkx2.5:Kaede) embryos were pan-
photoconverted at 30 hpf (a,d). Arrowheads show Kaede* pharyngeal clusters. At 60 hpf,
embryos were imaged in red and green channels with red (c,f) and merged (b,e) images
shown. Asterisks (e,f) mark abnormal PAAs 3-6 in nkx2.5 morphant embryos. g,h, nkx2.5
(red) and tiel (blue) transcripts evaluated by double in situ hybridization in control (g) and
morphant (h) embryos. i, Quantification of tiel* clusters in control (n=95) and nkx2.5
morphant (n=42) embryos across three experimental replicates; two-tailed t test
**P=0.0001. j,k, Control and nkx2.5 morphant Tg(nkx2.5:nZsYellow); Tg(flila:nEGFP)
embryos showing nkx2.5" PAA progenitors (red) and flila* endothelial cells (green)
detected by immunohistochemistry. |, Quantification of nkx2.5" and flila* cells in control
(n=4) and nkx2.5 morphant (n=4) embryos; Error bars indicate one standard deviation, two-
tailed t test nkx2.5 **P=0.0073, flila **P=0.0008 across three independent experiments.
Scale bar = 50pm. a,d, dorsal views, anterior up; b,c,ef,g,h,j k, lateral views, anterior left;
PAA numbers indicated.
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Figure 5. Cell-autonomous requirement for Nkx2.5 in promoting the PAA progenitor to
angioblast transition

a-h, in situ hybridization analysis of nkx2.5(a,e), etsrp71(b,f), scl(c,g), and tiel(d,h) at 24
(a-d) and 34 (e-h) hpf. i-letsrp(i,j) and scl(k,l) transcripts evaluated by in situ hybridization
in control (CTRL; i,k) and nkx2.5 morphant (MO"X25}j 1) embryos, asterisks mark
abnormal PAAs 3-6, numbers are quantified in m. (etsrp CTRL n=61, MO"KX2:5 n=53 two-
tailed t test **P=0.001 across two independent experiments; scl CTRL n=106, MONkx2:5
n=116, two-tailed t test **P=0.001 across two independent experiments). n-p, WT (n) and
MO"25(0) donor-derived GFP* PAA endothelium in unlabelled WT hosts. p,
Quantification of host embryos showing GFP* donor cells from WT (n=208) or MO"2.5
(n=86) embryos in the PAAs, endocardium (ec), and body vasculature (bv). Fishers exact
test, PAA two tailed **P=0.0001; ec two-tailed P=0.3239 (not significant, ns); bv two-tailed
P=0.2710, across four independent experiments. Scale bar = 50pum. a-l, lateral views,
anterior left; PAA islands indicated; a-h n>20 embryos per group; m,p, Error bars indicate
one standard deviation.
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