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Abstract
Transcription factors of the ETS family are important regulators of endothelial and hematopoietic
development. We have characterized the Xenopus orthologue of the ETS transcription factor,
ETV2. Expression analysis shows that etv2 is highly expressed in hematopoietic and endothelial
precursor cells in the Xenopus embryo. In gain of function experiments, ETV2 is sufficient to
activate ectopic expression of vascular endothelial markers. In addition, ETV2 activated
expression of hematopoietic genes representing the myeloid but not the erythroid lineage. Loss of
function studies indicate that ETV2 is required for expression of all endothelial markers examined.
However, knockdown of ETV2 has no detectable effects on expression of either myeloid or
erythroid markers. This contrasts with studies in mouse and zebrafish where ETV2 is required for
development of the myeloid lineage. Our studies confirm an essential role for ETV2 in endothelial
development, but also reveal important differences in hematopoietic development between
organisms.

INTRODUCTION
The ETS family of transcription factors is involved in numerous biological pathways during
normal development and in disease (Oikawa and Yamada, 2003). Approximately 30 ETS
genes are present in vertebrate genomes and all encode proteins containing a conserved 85
amino acid winged-helix-turn-helix DNA-binding domain. This binds to the core consensus
GGA(A/T) (Lelievre et al., 2001; Sharrocks et al., 2001) but additional flanking sequences
appear to increase binding specificity for certain ETS proteins (Graves and Peterson, 1998).

ETS factors play a particularly important role during embryonic vascular development and
many, if not most, endothelial genes are direct targets of ETS regulation (Dejana et al.,
2007). For example, mouse transgenic studies have shown that ETS binding sites are
essential for efficient expression of the Tie1, Tie2 and VE-cadherin genes (Gory et al., 1998;
Iljin et al., 1999; Korhonen et al., 1995). Similarly, mutation of a single ETS site in the
intronic enhancer of the crucial VEGF receptor gene, flk1, (also called Vegfr2 or Kdr)
rendered the transgene completely inactive in endothelial cells (Kappel et al., 2000;
Meadows et al., 2009). Complementing these mutation studies, transfection of ETS factors
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into cells in culture results in transcriptional activation of numerous endothelial genes
(Birdsey et al., 2008; Hasegawa et al., 2004; Schwachtgen et al, 1997; Wakiya et al., 1996).
In Xenopus embryos, over-expression of the ETS factor, ERG, is sufficient to drive ectopic
expression of endothelial markers (Baltzinger et al., 1999; Meadows et al., 2009).

While an essential role for ETS factors in endothelial gene activation is well documented, it
has been more difficult to determine precisely which ETS proteins are required. At least 19
of the 30 ETS transcription factors are reported to be expressed in endothelial cells, although
most are present at rather low levels (Hollenhorst et al., 2004; Liu and Patient, 2008). Of the
ETS genes, five (Ets1, Ets2, erg, Fli1 and etv2) show relatively high levels of expression in
the embryonic vasculature (Dejana et al., 2007). The presence of multiple ETS proteins in
the endothelium raises the possibility of overlapping functions during vascular development
and indeed, gene-ablation studies in mice point strongly to redundant functions for different
ETS proteins. Mice homozygous null for Ets1 or Ets2 are viable and exhibit no vascular
defects (Bories et al., 1995; Muthusamy et al., 1995; Yamamoto et a., 1998). Mice lacking
FLI1 die at E12.5 due to hemorrhaging, but initial formation of the vascular network is
normal (Spyropoulos et al., 2000). Animals mutant for ERG function show severe defects in
definitive hematopoiesis, but development of the embryonic vasculature was not effected
(Loughran et al., 2008). Furthermore, morpholino knockdown of four vascular ETS proteins
(ETS1, ERF, FLI1 and ETV2) in the zebrafish embryo resulted in a near complete loss of
endothelial cells, whereas single knockdown of any of the four sequences exhibited less
severe phenotypes (Pham et al., 2007).

Unlike these previous studies, which demonstrated largely redundant function for different
ETS factors, knockdown of the zebrafish etv2 gene (also called Etsrp) resulted in major
vascular defects (Pham et al, 2007; Sumanas and Lin, 2006). Similarly, ETV2 deficient mice
essentially lack embryonic blood and vascular structures (Lee et al., 2008). Mutant mice die
at approximately E9.0 to E9.5 and exhibit no detectable expression of the vascular markers
FLK1 and PECAM. The etv2 null phenotype is almost identical to that of the flk1 knockout
(Shalaby et al., 1995), indicating that ETV2 activity is required at the earliest stages of
endothelial development. Forced expression of ETV2 in the zebrafish embryo resulted in
transcriptional up-regulation of numerous hematopoietic and endothelial genes, including
genes not previously known to be endothelially expressed (Gomez et al., 2009; Wong et al.,
2009).

Here we report the identification and characterization of the Xenopus orthologue of ETV2.
Our studies indicate that ETV2 is amongst the earliest markers of hematopoietic and
endothelial precursor cells. Forced expression of ETV2 in the embryo results in ectopic
activation of endothelial and hematopoietic markers. Knockdown of ETV2 function strongly
reduces expression of endothelial markers, whereas markers of the myeloid and erythroid
lineages appear to be unaffected.

MATERIALS AND METHODS
Preparation of in situ probes and mRNAs

The insert from a full-length Xenopus laevis etv2 clone (BC099054) was isolated using Not I
and Sal I and inserted into pBluescript SK. For in situ probe synthesis etv2-pBluescript was
linearized with Sal I and transcribed with T3 RNA polymerase (Megascript kit - Ambion).
The coding region of ETV2 was PCR-amplified from BC099054 with Pfu polymerase,
subcloned into the translation vector, pT7TS, and sequence verified. For synthesis of mRNA,
etv2-pT7TS was linearized with Xba I and transcribed with T7 RNA polymerase (Message
Machine kit - Ambion). The inducible etv2 construction (GR-etv2) was created by inserting
the complete coding region of ETV2 into a modified pT7TS construction, downstream of the
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ligand binding domain of the human glucocorticoid receptor (Kolm and Sive, 1995). GR-
etv2 mRNA was prepared by linearizing with Xba I and transcribing with T7 RNA
polymerase. RNA concentrations were measured using a Nanodrop spectrophotometer.
Synthesis of flk1, aplnr (X-msr) and erg in situ hybridization probes has been described
previously (Baltzinger et al., 1999; Cleaver et al., 1997; Devic et al., 1996). Whole-mount in
situ hybridization was carried out using digoxigenin-labeled probes and standard conditions.

Forced expression and inducible ETV2 studies
For forced expression studies, mRNA encoding ETV2 and/or EGFP was injected into 4-cell
embryos into the ventral region of a single vegetal blastomere. Embryos were cultured in O.
2X MMR/6% Ficoll overnight and then transferred into 0.2X MMR until they were
harvested. For analysis of fold-induction, ventral posterior regions were dissected from stage
32 embryos injected with mRNAs for ETV2 plus EGFP, or EGFP control alone. Three
independent biological replicates of this experiment were performed using 10 explants for
each condition. Total RNA was extracted using RNAeasy columns (Qiagen) and transcript
levels were assayed by qPCR in a Corbett Rotogene 6000 using standard methods.

For inducible expression studies, mRNA encoding GR-ETV2 was injected into embryos
exactly as described for forced expression studies. At approximately stage 30, the medium
was supplemented with dexamethasone (DEX) to a final concentration of 20 μM. Treatment
with cycloheximide (10 μg/ml) was initiated 30 min prior to DEX treatment for appropriate
samples. Embryos were allowed to develop in the presence of DEX for 4 hours, at which
time the posterior ventral region of the embryo was excised and total RNA was isolated.
Transcript levels were assayed by qPCR.

MO controls and treatment
Preparation and microinjection of Morpholino Oligomers (MOs) was performed as
previously described (Garriock et al., 2005). etv2 antisense morpholino (etv2 MO1, 5′-
GGCAGTAGTAGATACTGGGATCCAT-3′) is complementary to the translation start site
of etv2 transcripts (GeneTools). etv2 MO1 effectively blocked translation of etv2 test
transcripts containing 5′ UTR plus a portion of the coding region of ETV2, fused to the
coding region of EGFP (Fig. 5A and B). For in vivo experiments, 12.5 ng, 25 ng or 50 ng of
etv2 MO1 or a 5 base pair mismatch control MO (CoMO, 5′-
GGTAGTAATAGATGCTGTGATCTAT-3′) was microinjected into the mediolateral
region of one cell of the 2-cell embryo and then assayed at stage 32 by whole-mount in situ
hybridization. etv2 knockdown results were confirmed using a second non-overlapping MO,
etv2 MO2 (5′–CGCGACAGGCTCTGCTTGCACCAAA–3′).

RESULTS
The Xenopus etv2 orthologue is expressed in precursor cells of the blood and vascular
lineages

Searches of the Xenopus tropicalis genome and EST databases identified a previously
uncharacterized member of the Xenopus ETS gene family. Comparison of the primary
sequence of the Xenopus protein to mouse and zebrafish ETS proteins showed that sequence
identity was greatest with ETV2 (also called ER71 or Etsrp). Within the ETS DNA-binding
domain Xenopus ETV2 shares 66% and 84% sequence identity to the mouse and zebrafish
ETV2 proteins respectively (Fig. 1). Outside of the ETS DNA-binding domain the sequence
similarity is much lower.

Whole-mount in situ hybridization was carried out to determine the expression pattern of
etv2 in Xenopus embryos. At all developmental stages, expression of etv2 was compared to
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that of flk1, which is a marker of the endothelial/hematopoietic lineage in the embryo
(Cleaver et al., 1997). etv2 transcripts were first detected in the region of the ventral blood
island that is the location of blood precursor cells (Fig. 2A). As expected, this region is also
positive for flk1 transcripts (Fig. 2A′). In the neurula embryo (stage 22), expression of etv2
persisted in the blood islands, but was also visible in lateral regions, in angioblasts that will
contribute to the posterior cardinal vein (Figs. 2C). As development proceeded, etv2 became
strongly expressed throughout all structures of the primitive vascular network, including the
posterior cardinal veins, aortic arches, vascular plexus and intersomitic vessels (Figs. 2D, E).
At these stages the pattern of etv2 expression continues to appear identical to that of the
hematopoietic/endothelial marker flk1 (Fig. 2D′,E′). However, by tadpole stages (stage 39,
Fig. 2F), etv2 transcripts decreased to almost undetectable levels in vascular structures and
the blood islands, and became restricted to a small region near the head corresponding to the
rostral lymphatic sac (Ny et al., 2005). In contrast, flk1 expression continued throughout the
maturing vascular network of the tadpole stage embryo (Fig. 2F′).

Xenopus ETV2 is sufficient to initiate ectopic transcription of endothelial and myeloid
marker genes

It has previously been demonstrated that the ETS family protein, ERG, is capable of
activating ectopic expression of endothelial markers in the Xenopus embryo (Baltzinger et
al., 1999; Meadows et al., 2009). Similarly, the zebrafish ETV2 orthologue is sufficient to
activate ectopic expression of endothelial genes (Gomez et al, 2009; Sumanas and Lin,
2006; Wong et al, 2009). To determine whether Xenopus ETV2 is able to induce endothelial
markers we used microinjection to target ETV2 protein to posterior ventral regions of the
embryo, an area that is relatively free of endogenous endothelial precursor cells (see Fig. 2E
′). In all cases GFP mRNA was co-injected with etv2 mRNA and served as a tracer. As
shown in Figure 3, forced expression of ETV2 resulted in strong ectopic activation of the
endothelial marker genes flk1, aplnr (also called X-msr) and erg. flk1 was used as a positive
control in these experiments because it is directly regulated by ETV2 in studies using mouse
stem cells (Lee et al., 2008) and is activated by ETV2 in zebrafish embryos (Sumanas and
Lin, 2006). In some extreme cases, large regions of tissue exhibited ectopic marker
expression, as shown in histological sections through an embryo stained for flk1 transcripts
(Fig. 3E, F), however, it was more common to observe isolated patches of ectopic marker
expression (Fig. 3J, L). Scoring of multiple embryos showed that overexpression of ETV2
resulted in ectopic expression of endothelial markers in a dose dependent manner and, at the
highest levels of injected mRNA, a large majority of embryos showed ectopic marker
expression (Table 1). Quantitation of transcript levels by qPCR showed greater than 90X
activation of flk1 expression in ectopic regions (Table 1). As illustrated in Fig. 2, etv2 is
expressed at high levels in the ventral blood island throughout early development (Fig. 2A-
D). To determine whether ETV2 might be able to induce transcription of hematopoietic
markers, we assayed for activation of the myeloid markers runx1 and spib (Liu and Patient,
2008) and the erythroid marker, tadpole α-globin (hba3). We observed that transcription of
runx1 and spib was indeed activated at ectopic locations in ETV2 over-expressing embryos
(Fig 3M, P and Table 1) but we never observed ectopic expression of α-globin (compare
Figs. 3Q, R). Overall, the gain-of-function studies demonstrate that ETV2 is sufficient to
activate transcription of representative endothelial and hematopoietic marker genes.

ETV2 directly activates transcription of flk1, aplnr, runx1 and spib
Forced expression studies alone do not allow us to determine which of the endothelial and
hematopoietic genes, if any, are direct targets of ETV2 regulation. To address this question
we made use of a dexamethasone (DEX) inducible form of ETV2, GR-ETV2. Messenger
RNA encoding the GR-ETV2 protein plus EGFP lineage tracer was targeted to the ventral
posterior region of the embryo as described previously. At the tailbud stage (st 32) DEX
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induction was carried out for 4 hours in the presence of the protein synthesis inhibitor
cycloheximide (CHX) and then ventral posterior regions of the embryo were excised and
RNA was harvested. With protein synthesis blocked, only genes that can be directly
activated by ETV2 should be transcribed. Previous studies have indicated that some genes
are transcriptionally activated by CHX treatment alone (Afouda et al., 2008; Yasuo and
Lemaire, 1999) and so a CHX-only control was included in the experiments. Induction of
target genes was analyzed using qPCR and the results are presented in Fig. 4. First, we
observed that flk1 was a direct target of ETV2 regulation (Fig. 4A). This result was
predicted based on previous studies showing that ETS proteins directly bind to flk1
regulatory elements (Kappel et al., 2000; Lee et al., 2008; Meadows et al, 2009). Second, we
observed that, of the marker genes upregulated following forced expression (Fig. 3), aplnr,
runx1 and spib were directly regulated by ETV2. Transcripts for each of these factors were
induced by ETV2 at least 4-fold over control levels and significantly more than induced by
CHX alone (Fig. 4B, D, E). On the other hand, erg did not show convincing up-regulation
relative to control treatments following ETV2 induction, suggesting that ETV2 alone is not
sufficient to activate transcription.

Loss of function studies demonstrate that ETV2 is required for expression of endothelial
but not hematopoietic marker genes

To explore the requirement of ETV2 for endothelial and hematopoietic development, we
used antisense morpholino oligomers (MOs) to specifically inhibit ETV2 expression in the
embryo. First, we demonstrated that the etv2 MO1 effectively blocked translation of a target
transcript in the Xenopus embryo (Fig. 5A, B). Second, expression of endothelial marker
genes was examined in etv2 MO-treated embryos. The results show a dramatic reduction in
expression of the endothelial markers flk1, aplnr and erg (Fig. 5C-H, Table 2). In the case of
erg, note that expression in vascular tissues was strongly reduced, while expression in neural
crest cells in the branchial arch region was unaffected (Fig. 5H). This observation clearly
demonstrates the specificity of MO1 for ETV2 targets and suggests that MO treatment is not
producing vascular defects through an off-target mechanism. To confirm the specificity of
the MO knockdown we have carried out a standard rescue experiment. Embryos were
injected with a fixed high dose of etv2 MO (50 ng) together with increasing amounts of etv2
mRNA (0–100 pg). The levels of etv2 mRNA were kept fairly low to avoid ectopic
expression of markers that might interfere with analysis of the rescue phenotype. As shown
in Fig. 5I, injection of etv2 mRNA very effectively rescued the MO knockdown phenotype.
Previous studies have shown that etv2 knockout mice exhibit a complete absence of
hematopoietic cells (Lee et al., 2008) and zebrafish lacking ETV2 function show absence of
myeloid marker expression, whereas erythroid marker expression is normal (Sumanas et al.,
2008). Somewhat surprisingly, inhibition of ETV2 function in Xenopus embryos produced
no detectable alteration in expression of hematopoietic markers. For example, the myeloid
markers runx1 and spib were expressed normally in all MO-injected embryos (Fig. 5J–M).
At this stage of development, spib and runx1 are markers for migratory myeloid cells
(Tracey et al., 1998; Costa et al., 2008). Although the migratory nature of the cells makes
direct comparisons somewhat difficult, inspection of multiple etv2 MO-treated embryos
(>20 for each gene) showed no consistent differences in the number of cells detected, the
intensity of the in situ signal or the distribution of cells compared to controls (compare Fig.
5I, J and 5K, L). This surprising result indicates that, whereas ETV2 is sufficient to activate
transcription of runx1 and spib (Figs. 3, 4, Table 1), it is not required for normal expression
of these genes in hematopoietic cells. Similarly, we observed no effect on expression of α-
globin in etv2 MO1 treated Xenopus embryos (Fig. 5N,O, Table 2). From these preliminary
studies, we conclude that ETV2 is important for regulation of endothelial genes, but
apparently is not required for development of the hematopoietic lineage. To confirm the
requirement of ETV2 for endothelial development we have shown that a different non-
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overlapping MO, etv2 MO2, also results in elimination of endothelial marker gene
expression in the Xenopus embryo (Table 2 and data not shown). Once again, etv2 MO2 had
no detectable effect on myeloid or erythroid marker expression (Table 2).

DISCUSSION
etv2 is expressed in developing hematopoietic and endothelial cells

Studies of mouse and zebrafish have reported expression of the ETS family gene, etv2, in
embryonic angioblasts and in cells of the hematopoietic lineage (Lee et al., 2008; Sumanas
and Lin, 2006). In this report we describe the identification of the Xenopus orthologue of
etv2 (Fig. 1) and show that it is expressed in embryonic angioblasts and hematopoietic cells
(Fig. 2). Expression of etv2 is first observed in hematopoietic precursor cells in the ventral
blood island and later in embryonic angioblasts throughout the developing vascular network.
At all early stages of development, the etv2 expression pattern is indistinguishable from that
of the hematopoietic/endothelial marker, flk1 (Fig. 2). etv2 transcripts are present throughout
tissues of the developing vascular system during the time that angioblasts migrate, form into
vascular cords and undergo tubulogenesis to form the primitive vascular network. However,
at later developmental stages, expression of etv2 is dramatically down-regulated and
becomes almost undetectable by the tadpole stage (st 39).

ETV2 is sufficient to activate ectopic expression of endothelial and myeloid markers
The ETS family protein, ERG, has the remarkable ability to induce ectopic expression of
endothelial markers in the frog embryo (Baltzinger et al, 1999; Meadows et al., 2009). This
property is shared by the zebrafish ETV2 orthologue, which is able to activate expression of
numerous endothelial genes in zebrafish embryos (Gomez et al., 2009; Sumanas and Lin,
2006; Wong et al., 2009). Our studies show that forced expression of ETV2 in Xenopus also
activates transcription of representative endothelial marker genes, including flk1, aplnr and
erg (Fig. 3). Concomitant with ectopic marker activation, overexpression of ETV2 in the
Xenopus embryo resulted in interference with normal vascular patterning. This is most
clearly illustrated by the absence, or altered structure, of intersegmental vessels or
overgrowth of the vascular plexus in anterior ventral regions of the embryo (Fig. 3E–N).
These observations imply that levels of ETV2 must be regulated within narrow limits for
normal vascular development. Because etv2 is expressed prominently in the ventral blood
islands of the Xenopus embryo (Fig. 2A, B, C), it seemed possible that overexpression might
result in ectopic activation of hematopoietic markers. Indeed forced expression of ETV2
strongly activated transcription of the myeloid markers, runx1 and spib (Fig. 3N, P). This
ectopic activation was not shared by the erythroid marker, tadpole α-globin, which exhibited
no evidence of ectopic activation (Fig. 3R), even at the highest levels of ETV2 forced
expression (Table 1). Similar to observations of endothelial markers, over-expression of
ETV2 appeared to reduce expression of the endogenous runx1 transcript (Fig. 3N), although
endogenous spib and α-globin expression appeared largely normal (Fig. 3P, R). Our
observations are consistent with previous studies of ETV2 overexpression in the zebrafish
embryo that also reported reduced expression of a subset of endogenous genes (Sumanas et
al., 2008).

We used an inducible protein construction in the presence of a protein synthesis inhibitor to
determine which of the endothelial and hematopoietic markers might be direct targets of
ETV2 (Fig. 4). These experiments confirmed that flk1 is a direct target of ETV2 regulation
(Lee et al., 2008) and also showed that ETV2 is capable of directly activating transcription
of aplnr, runx1 and spib1 (Fig 4). As with the forced expression studies described above, the
results of induced activation experiments must be interpreted with caution. Whereas a
positive result in the induction assay suggests that ETV2 is capable of directly activating the
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gene in question, the failure to observe activation does not exclude ETV2 from a direct role
in gene regulation. ETS family transcription factors are widely understood to function in
cooperation with other transcription regulatory proteins that act to increase the stability and
specificity of ETS interaction with its DNA recognition sequence and increase efficiency of
transcriptional activation (Crepieux et al., 1994; Sharrocks et al., 2001). Therefore, it is
possible that ETV2 does indeed function to regulate transcription of the erg gene (Fig. 4C),
but requires additional factors to stabilize binding or to promote efficient transcription. If
these additional partner proteins are themselves targets of ETV2 transcriptional activation,
then they will not be synthesized in the presence of protein inhibitor and so downstream
gene expression will not be observed. On the other hand, the high levels ETV2 protein
present in the forced expression and induction experiments may also lead to inappropriate
activation of genes. While it seems likely that induced genes would normally be responsive
to ETS factors, it is not clear that they would all be regulated specifically by ETV2 in vivo.

ETV2 is required for transcription of endothelial markers but is dispensable for the
myeloid and erythroid lineages

Studies of inhibition of ETV2 function in the Xenopus embryo revealed important
similarities but also some significant differences from previous studies in zebrafish and
mouse. First we will consider markers of the endothelial lineage. Reduction of ETV2
function in the Xenopus embryo strongly inhibited expression of the endothelial markers
flk1, aplnr and erg. This inhibition was specific to the endothelial lineage since expression
of erg in non-endothelial tissues, for example neural crest cells, was unaltered relative to
controls (Fig. 5G, H). These observations confirm previous studies in zebrafish (Liu and
Patient, 2008; Sumanas and Lin, 2006) and mouse (Lee et al., 2008), which also demonstrate
that development of the endothelial lineage is completely dependent on ETV2 function.
Second, our studies of ETV2 function during hematopoietic development revealed
interesting differences compared to mouse and zebrafish. As shown in Fig. 5, expression of
the myeloid markers, runx1 and spib, was not altered following ETV2 knockdown.
Similarly, the erythroid marker, α-globin was expressed normally (Fig. 5N, O). These results
contrast with observations in the mouse, where no hematopoietic cells were detected in the
absence of ETV2 activity (Lee et al., 2008) and zebrafish where myeloid, but not erythroid,
development was eliminated in ETV2 knockdown embryos (Sumanas et al., 2008). Based on
these results, it seems likely that some other transcription factor, perhaps another member of
the ETS family can substitute for ETV2 function in the hematopoietic lineage of the
Xenopus embryo, but not in zebrafish or mouse.

Taken together, these studies indicate that an essential role for ETV2 in development of the
endothelial lineage has been conserved in all vertebrates, but that its function for
hematopoiesis differs between organisms. Further studies will be required to determine the
molecular mechanisms underlying these differences.
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Fig. 1. Sequence alignment of vertebrate ETV2 proteins
Clustal alignment of ETV2 protein sequences from human, mouse, Xenopus and zebrafish.
Dark shading indicates identical residues and light shading shows conservative substitutions.
The conserved ETS family DNA-binding domain is underlined. The ETS domain is
moderately conserved between different vertebrates, whereas other regions of the protein are
highly divergent. ETV2 protein sequence sources are as follows - mouse (NCBI reference
NP_031985), Human (NP_055024) zebrafish (NP_001032452), Xenopus laevis
(BC099054).
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Fig. 2. etv2 is expressed in hematopoietic and endothelial precursor cells in the Xenopus embryo
Transcripts of etv2 (A–F) and flk1 (A′-F′) were detected by in situ hybridization. flk1 is an
established marker of the hematopoietic and endothelial lineages. Developmental stage of
the embryos is indicated at the lower right of each panel. Embryos shown in A, A′, C, C′ and
insets in D, D′ are ventral views. All other views are lateral with anterior to the left.
Abbreviations: vbi, ventral blood island; pcv, posterior cardinal vein; plx, vascular plexus;
isv, intersegmental vessel; rls, rostral lymphatic sac.
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Fig. 3. Forced expression of ETV2 in the Xenopus embryos results in ectopic expression of
endothelial and myeloid marker genes
(A–D). Control embryo, injected with EGFP mRNA and assayed for flk1 transcripts. (A)
View of whole embryo, and (B) enlarged view of ventral posterior region of embryo
showing near absence of endothelial (flk1-expressing) cells. (C) Transverse section through
embryo and (D) enlarged view, showing absence of flk1 marker expression in posterior of
embryo. (E–H). Embryo injected with etv2 mRNA and assayed for flk1 expression. (E)
View of whole embryo and (F) enlarged view, showing high levels of ectopic flk1 transcript.
(G) Transverse section through embryo and (H) enlarged view, showing large domains of
ectopic flk1 transcripts. Scale bar in both G and H is 100 microns. (I–J). Control embryo,
and embryo injected with etv2 mRNA, assayed for aplnr expression. (I) View of embryo
injected with EGFP mRNA. (J) View of embryo expressing ETV2 and showing ectopic
aplnr transcripts. (K–L). Control embryo and embryo injected with etv2 mRNA, assayed for
erg expression. (K) View of embryo injected with EGFP mRNA. (L) View of embryo
expressing ETV2 and showing ectopic erg transcripts. For etv2 mRNA-injected embryos
shown in (E, J, L), in addition to ectopic marker expression, note the disruption of the
normal patterning of endothelial structures, relative to controls. (M, N). Control embryo and
embryo injected with etv2 mRNA, assayed for runx1 expression. (M) View of embryo
injected with EGFP mRNA. (N). View of embryo expressing ETV2 and showing ectopic
expression of runx1. In N, in addition to ectopic expression, note reduced expression and
altered distribution of endogenous runx1. (O,P). Control embryo and embryo injected with
etv2 mRNA, assayed for spib expression. (O) View of embryo injected with EGFP mRNA.
(P). View of embryo expressing ETV2 and showing ectopic expression of spib. (Q, R).
Control embryo and embryo injected with etv2 mRNA, assayed for α-globin expression.
(Q). Control embryo injected with EGFP mRNA. (R). Whole embryo expressing ETV2,
showing no appreciable difference in expression of α-globin transcripts. In all panels, arrows
indicate regions of ectopic marker expression.
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Fig. 4. ETV2 directly activates transcription of a subset of endothelial and hematopoietic
markers
Xenopus embryos were injected with mRNA encoding a dexamethasone (DEX) inducible
version of ETV2 and cultured in the presence of DEX and/or the protein synthesis inhibitor,
cycloheximide (CHX). Transcript levels for marker genes were quantitated for the various
treatments using real-time qPCR. In all cases, transcript levels were normalized against
transcripts of RNA polymerase 2. Graphs show results of triplicate biological replicates for
each treatment. Presence of absence of DEX or CHX in a treatment is indicated by upper or
lower-case type respectively. Statistical significance of differences between indicated
samples is shown (P value measured by Student’s T test). The most important values are
presented in the last two columns, which show transcript levels of putative target genes with
uninduced ETV2 (−dex) and induced ETV2 (+DEX), both in the presence of CHX. The
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marker genes, flk1, aplnr, runx1 and spib appear to be direct targets of ETV2 regulation,
whereas erg is probably not.
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Fig. 5. Inhibition of ETV2 function strongly reduces endothelial, but not hematopoietic marker
expression
(A, B). Antisense etv2 MO1 efficiently inhibits EGFP expression from a target transcript in
control experiments. (A) Brightfield and fluorescent image of embryos injected with etv2-
EGFP fusion transcript and etv2 mismatch control MO (CoMO), showing strong EGFP
fluorescence. (B) Brightfield and fluorescent image of embryos injected with etv2-EGFP
fusion transcript and etv2 MO1. EGFP fluorescence is almost eliminated. (C–M). Embryos
injected with control MO (CoMo) or etv2 MO1 and assayed for marker gene expression (as
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indicated) by in situ hybridization. All embryos were assayed at approximately st. 32. Inset
boxes in panels C–H, show slightly enlarged and/or increased contrast views centered on the
intersegmental vessels and posterior cardinal vein. (C–H) Treatment with etv2 MO1
effectively eliminated expression of the endothelial marker genes flk1, aplnr and erg. In (H),
expression of erg in neural crest cells in the branchial arch region (open arrowhead) is
unchanged. (I). etv2 MO1 knockdown of endothelial marker expression is efficiently
rescued with etv2 mRNA. All embryos were injected with 50 ng of MO1 plus varying
amounts of etv2 mRNA as indicated. Marker gene expression was assayed by in situ
hybridization and embryos showing mostly normal endothelial pattern were scored as wild-
type. The number in each bar indicates the number of embryos scored for each treatment.
Asterisks show statistically significant differences relative to value of MO1 alone, analyzed
using Chi-squared test. (J–O) Treatment with etv2 MO1 had no detectable effect on
expression of myeloid (runx1 and spib) or erythroid (tadpole α-globin) markers.
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Table 2

Inhibition of ETV2 function results in reduced expression of endothelial markers but not myeloid or erythroid
markers

Marker Treatment Normal gene expression % Reduced gene expression % Number of embryos

flk1 etv2 control MO (50 ng) 96 4 48

etv2 control MO (25 ng) 100 0 26

etv2 control MO (12.5 ng) 100 0 21

etv2 MO1 (50 ng) 34 66 29

etv2 MO1 (25 ng) 23 77 40

etv2 MO1 (12.5 ng) 24 76 82

etv2 MO2 (50 ng) 19 81 29

aplnr etv2 control MO (25 ng) 96 4 46

etv2 MO1 (25 ng) 20 80 30

etv2 MO2 (50 ng) 22 78 40

erg etv2 control MO (25 ng) 100 0 42

etv2 MO1 (25 ng) 8 92 25

etv2 MO1 (50 ng) 0 100 29

etv2 MO2 (50 ng) 11 89 37

runx1 etv2 control MO (50 ng) 100 0 44

etv2 MO1 (50 ng) 100 0 35

etv2 MO2 (50 ng) 92 8 25

spib etv2 control MO (50 ng) 98 2 44

etv2 MO1 (50 ng) 97 3 32

etv2 MO2 (50 ng) 100 0 22

α-globin etv2 control MO (50 ng) 94 6 17

etv2 MO1 (50 ng) 96 4 72

etv2 MO2 (50 ng) 78 22 18
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